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DAVID BROWN 


ELECTRONIC 


UPH30 ULTRA PRECISION GEAR HOBBING MAGHINE 


with continuous 
electronic table dividing 
control, will produce 
ultra precision gears 
throughout the life of 
the machine. 


Please write for 
leaflet M.107 


THE DAVID BROWN CORPORATION (SALES) LIMITED 


An alli of engineering specialists in gearing, machine tools, tools, castings, automobiles and agricultural tractors and machinery 





MACHINE TOOL DIVISION, BRITANNIA WORKS, SHERBORNE STREET, MANCHESTER 3. TELEPHONE: BLACKFRIARS 4711 





The ‘BRADFORD?’ Power Cylinder 
More power to your elbow 

with Bradford air or 

hydraulic power cylinders 


Bradford Air Cylinders. 
In standard sizes from 2” to 20” bore, 
with hand or remote control. 


All-Steel Hydraulic Cylinders. 
Standard sizes from 14” to 12” honed 
bores, to work at pressures from 200 Ibs. 
to 1,500 Ibs. per sq. in. with hydraulic 
fluid, oil or water. Supplied as required, 
with bracket, clevis, trunnion or end 
cover mountings. 

Bradford Air or Hydraulic Cylinders can 
also be made to customers’ specifications 
with any length of stroke. 


UNITED STATES METALLIC PACKING CO. 


SOHO WORKS, BRADFORD 8, YORKSHIRE 
Telegrams: ‘‘Metallic,”” Bradford. Telephone 41284-5. 


Branch Offices : London, Liverpool, Glasgow, Manchester, 
Newcastle, Cardiff, Southampton, Hull, Swansea and Bristol. 


LTD. SMP 
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PNEUMATIC CONTROLS 
LUBRICATING SYSTEMS 


SOLDERLESS TUBE 
FITTINGS 
COOLANT FITTINGS 
FILLER CAPS 


BENTON AND STONE LIMITED ASTON BROOK STREET BIRMINGHAM 6 
Telephone: ASTon Cross 1905 Telex ENOTS B'HAM § 33-143 
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REANMER 
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WHILST “% ALL FERROUS AND 
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METALS 


CXCEPTIONAL 

SURFACE FINISH 
HOLES WHICH ARE OVAL —NO CHATTER 
CAN BE MADE PERFECTLY MARKS 
ROUND, TO FINE LIMITS. 


FULL DETAILS AVAILABLE 
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CHESTER GL 


Monks & Crane Ltd 


ia & N-TYN LEEDS BRISTOL 
SM/MC 6355 


2 THE ENGINEERS’ DIGEST 





CONTENTS 


The Minidigest 

Business Notes 

Contracts 

Personal 

News Round-up 

New Technical Books 

Latest Industrial Literature 

The Blue Pages ha Be xr oa ‘i os 

Improving the Accuracy of Transformer-Noise Tests in 
the Field .. “a “a a Ee & 

“‘Long-Travel”” Suspension Systems for Road Vehicles 

The Influence of Manufacturing Inaccuracies on the Charac- 
teristics of Centrifugal Pumps 

The Effects of Nuclear Radiation on Rubber 








VOL. XXII No. 7 JULY, 1961 





EDITORIAL AND ADVERTISING 
OFFICES: 


GREAT BRITAIN 
120 Wigmore Street, London, W.1. 
Telephone: WELbeck 9357 & 6263 
U.S.A. 
366 Madison Avenue, New York 17, N.Y. 
Telephone: MUrray Hill 2-8865 
FRANCE 


102 Rue Amelot, Paris (XI*) 
Telephone: VOL. 29-19 


ITALY 
An Electron-Microscopic Study of Friction and Wear Via degli Orombelli 13, Milan 


Heat Transfer in Diesel Engines with and without Pressure- Telephone: 23.62.457 

Charging + os + Annual Subscription Rates: 
The Control Characteristics of denedieaten £2 2s. Od. in the Sterling area, $7.50 in 
British Industrial Developments the Dollar area 


Additional Abstracts 
Clift H , Worship Street, London, E.C. 
New Materials, Processes, and Sesion Rs and published monthly by ‘the proprietors, 
F Ltp., 120 Wigmore Street, 
Index of Advertisers 2 7 oy; ee Me pe k spemenes wan Po ” 5 ee 





Printed in Gt. Britain by Williams, Lea & Co. L td., 











MODERN PRODUCTION CONTROL 

By A. W. Willsmore, M.S.M.A., A.M.1L1.A., F.R.Econ.S. 

Second Edition 

An up-to-date book by a management expert with wide experience of modern production methods. He defines the 
principles of production planning and control in engineering works and illustrates their practical application to typical 
production problems. An essential book for the progressive engineer. 16/- net. 


MECHANICAL TESTING OF METALLIC MATERIALS 

With Special Reference to Proof Stress 

By R. A. Beaumont, A.M.1.Mech.E., A.F.R.Ae.S. 

Third Edition 

Abridged contents: THE TENSILE TEST — DETAILED CONSIDERATIONS OF THE TENSILE TEST — TYPES OF TENSILE- 

TESTING MACHINES — PROOF STRESS DETERMINATIONS — EXTENSOMETERS AND RECORDERS — HIGH- 

TEMPERATURE TENSILE CREEP TESTING — HARDNESS TESTS — NOTCHED-BAR IMPACT TESTING — THE 

— OF TESTING MACHINES — RADIOLOGICAL TESTING AND CRACK DETECTION — Appendixes. 
/= net. 


WORK STUDY 
By R. M. Currie, C.B.E., M.I.Mech.E., M.1.C.E., M.1.Prod.E. 


This book covers in a thorough and detailed manner all aspects of work-study techniques. In addition there are chapters 

on the historical background to work study, its purpose and functions, and the service it can offer to management. The 

" book will be of particular interest to those studying the subject for the examinations of the Institution of Mechanical 

BOOKS Engineers, the Institution of Production Engineers, and for the Work Study Diploma examination of the City and Guilds 
” of London Institute. 22/6. 


AN INTRODUCTION TO THE THEORY AND tage ty A = TRANSISTORS 
By J. R. Tillman, D.Sc., A.R.C.S., and F. F. Roberts, B.Sc. (Eng.), A 1.E.E. 

A new work for physicists ‘and electronic engineers at graduate and Higher National Certificate level. it gives the theoretical 
® background of semiconductor and transistor physics and then covers technology, electrical properties of semiconductors, 
Kingsway, diodes, and transistors with applications. 57/6 net. 


London A GUIDE TO TECHNICAL WRITING 

< By C. Baker, A.R.Ae.S. 
W.C.2. Covers in a practical manner the preparation of explanatory documents, manuals, brochures, reports, specifications, 
etc. Of interest to the student and technician alike. 15/- net 


MODERN PRODUCTION CONTROL 

By A. W. Willsmore, M.S.M.A., A.M.1.A.A., F.R.Econ.S. 

Second Edition 

An up-to-date book by a management expert with wide experience of modern production methods. He defines the 
principles of production planning and control in engineering works and illustrates their practical application to typical 
production problems. An essential book for the progressive engineer. 16/- net 


INDUSTRIAL LAW 

By H. Samuels, O.B.E., M.A. 

Sixth Edition 

Over a number of years this book has established itself as a real authority on the subject. For this sixth edition, the book 
has been revised to include the provisions of the Offices Act, 1960, and amendments made by the Factories Act, 1959, 
and Wages Council Act, 1959. Reference to recent Case Law has also been incorporated. All who are in any way concerned 
with conditions of work, wage questions, compensation, welfare, insurance, and similar matters, will find this book a 
useful guide. 21/- net. 
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Believed to be the only one of its kind to 
combine the advantages of linear reading, 
high direct-current measurement, and clip-on 
attachment, a prototype Hall-effect d.c. ammeter, 
capable of measuring (remotely, if required) 
currents up to 100 A, has been constructed by 
the Kearfott Division of General Precision Inc., 
of Clifton, N.J. This solid-state ammeter 
basically consists of a semiconductor crystal and 
a magnetic yoke which establishes the required 
field in the crystal when the yoke is clipped 
around the current-carrying wire, causing the 
crystal to develop a voltage that is proportional 
to the strength of the field. 


* * a 


Details of a cast iron with high anti-friction 
properties are reported in Liteinoye Proizvodstvo 
for May 1961. This new Russian cast iron, 
which contains from 3-0 to 3:5% carbon, 
1-4 to 2:2% silicon, and 0-6 to 0-8 % manganese, 
is obtained by alloying the iron in the ladle 
with small additions of antimony (0-30 to 
0-65%). It is claimed that this iron, which is 
suitable for use in such applications as bearings, 
bushes, and seals, does not require any heat 
treatment, and that it has superior wear resis- 
tance, a longer life, and better anti-friction 
characteristics than conventional cast irons, 
babbitt metal, or bronze. 


* * * 


As reported briefly in Product Engineering 
for May 8, 1961, unusual materials for high- 
temperature dry lubricants undergoing tests at 
the Southwest Research Institute include gold. 
With thin, vapour-deposited gold films, co- 
efficients of friction of less than 0-2 have been 
obtained under a variety of conditions, ranging 
from room temperature up to 2000°F and 
from atmospheric pressure to 107 mm Hg. 
The Institute is also working on new cermet 
materials for the bearings themselves and is 
investigating gas-formed surface compounds and 
different glasses and dry powders as possible 
dry lubricants. 


* * * 


Mercury high-pressure lamps, mounted at 
the top of metal masts, can sometimes be 
extinguished by strong impacts against the foot 
of the mast, the lamp igniting again after a few 
minutes of cooling. This phenomenon is due 
to the setting up of vibrations in the lamp, and 
it is shown in a paper in Philips Research 
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ARTHUR BALFOUR 
STEEL & TOOLS FOR THE WORLD 


ARTHUR BALFOUR & CO LTD. CAPITAL STEEL WORKS, SHEFFIELD ENGLAND 
ASSOCIATED COMPANY: THE EAGLE & GLOBE STEEL CO, LTO 


See us at STAND NO. 3212 HALL NO. 3, 
7th EUROPEAN MACHINE TOOL EXHIBITION, BRUSSELS from SEPT; 3rd - 12th. 
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Reports (February 1961) in connection with the 
behaviour of mercury high-pressure arc-lamps 
under mechanical vibrations that, if the discharge 
is subjected to sinusoidal vibration perpendicular 
to its longitudinal axis, a definite increase in arc 
voltage takes place and the arc will be quenched 
if both the frequency and velocity amplitude of 
the vibration exceed critical values. Theoretic- 
ally, the velocity amplitude necessary for 
quenching the arc at frequencies above the 
critical value should be proportional to the tube 
diameter and inversely proportional to the mass 
of the gas per unit of tube length, and the 
implications of this theory are qualitatively 
and also, to a reasonable degree, quantitatively 
explained by experimental results. 


* * * 


By means of a new technique, thin-film 
tunnel diodes have been produced which do not 
need super-cooling to be functional, as distinct 
from previous devices, which require tempera- 
tures near absolute zero to become superconduc- 
tive. In this new technique, which has been 
developed in the U.S.A. by the Republic 
Aviation Corporation, the thin-film sandwich 
is obtained by capturing titanium vapour on a 
strip of glass, using a special method of oxidation 
to form a dielectric coating of titanium dioxide 
less than | micro-inch in thickness. Although 
the titanium dioxide is essentially an insulator, 
electrons have the ability to pierce or tunnel 
through the thin film. It is believed that this 
technique may well simplify procedures for the 
micro-miniaturization of electronic components. 


* * * 


According to an article in Svarochnoye 
Proizvodstvo for May 1961, the difficulties 
normally encountered in welding aluminium or 
aluminium alloys to steel have been overcome 
in Russia by means of a special technique for 
surface preparation of the steel. In this tech- 
nique, the steel surface is either aluminized or 
hot-galvanized and is then covered with a layer 
of pure aluminium, from 0-1 to 0-2 mm in 
thickness, by means of argon-arc welding, 
using tungsten electrodes and an aluminium 
welding wire of 2 mm thickness. When steel 
workpieces are prepared in this way, it is stated 
that aluminium or aluminium-alloy parts can 
easily be joined to the steel by conventional 
methods of welding and that the weld joints 
obtained have good mechanical characteristics, 
including high strength. 
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WRITE NOW FOR THE 
HALLMAC STOCK LIST 


titknowledged the 
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for ALL YOUR TOOL NEEDS 


When buying Engineers’ Small Tools or Hand and Power Tools, why waste time 
dealing with many suppliers of varying efficiency, making fruitless ‘phone calls, 
complicating your ordering and stock-keeping, and burdening your accounts depart- 
ment unnecessarily, when you can use ONE 100% reliable source? HALLMAC 
can be trusted for all your tool supplies as implicitly as Greenwich is trusted for 
your time-keeping. 

Hallmac carry in stock the United Kingdom’s most comprehensive range of propri* 
etary brands of tools, all carefully selected for their high quality. So that they can 
give immediate answers to customers’ requests Hallmac maintain no less than 23,000 
tool specifications. In addition they can give the famous Macrome Treatment to 
any tools when required. Countrywide distribution and service, making use of every 
available means of general transport (including special deliveries in emergencies), 
ensure all requirements reach you without delay. At Hallmac’s Head Office alone 
over 300 consignments are dealt with daily. 

Let us prove our service to you, as we have already proved it to many leading 
industrial firms of international repute. As a first step send NOW for the latest 
148-page Hallmac Stock List, acknowledged to be the finest in the trade! 


HALLMAC TOOLS LIMITED 
Head Office & Depot: P.O. Box 39, Macrome Road, Wolverhampton. 
Telephones: 52001 (5 lines) & 53015 (5 lines) 
LONDON MANCHESTER GLASGOW 
Suite 413, English Electric House, | 1 Lloyd Road, Central Chambers, 
Strand, London, W.C.2 Manchester, 19 11 Bothwell Street, C.2 
TEMple Bar 3950 | Heaton Moor 3255 | Ntral 5066 





BUSINESS NOTES 
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The General Electric Co. Ltd. and Richardsons, 
Westgarth & Co. Ltd., have decided to pool their 
resources for the design, development, sales, and manu- 
facture of heavy electricity generating and industrial 
power plant. The object of this arrangement is to secure 
an increase in the share of the home and export markets 
and, at the same time, to make the maximum possible 
use of their combined technical resources and production 
facilities. As a result, the two companies are now 
jointly in a position to build and equip, both electrically 
and mechanically, complete modern power stations from 
within their own resources. 


* * * 


An agreement has been signed between A. Reyrolle 
& Co. Ltd., of Hebburn, Co. Durham, and Oliver J. 
Nilsen (Australia) Ltd. for collaboration in the manufac- 
ture of high-voltage switchgear and ancillary equipment 
in Australia. It is proposed to form a new company, 
Reyrolle Nilsen (Australia) Pty. Ltd., with an authorized 
capital of £500,000 and registered offices at 45 Bourke 
Street, Melbourne, Victoria. The first directors will be 
Mr. O. J. Nilsen, C.B.E., and Mr. O. V. A. Nilsen, 
representing the Nilsen interests, and Mr. J. Bennett, 
M.I.E.E., and Mr. G. Robinson, representing the 
Reyrolle interests, with Mr. E. L. Cottrell as secretary. 


* * * 


The Sales and Service Division of Goodyear Pumps 
Ltd. have moved to new and larger offices at Walmgate 
Road, Perivale, Middlesex (Tel: ALPerton 1132/3). 
They will retain an office at 44 Brook Street, London, W.1, 
the London headquarters of their parent company, 
Holman Brothers Ltd., of Camborne, Cornwall. 


* * * 


An agreement has been signed between Westool Ltd., 
of St. Helen’s Auckland, Co. Durham, and the Controls 
Company of America, Illinois, whereby the British 
company will manufacture under licence in the U.K. the 
“Soreng” range of solenoids produced by the American 
company. The American company has sixteen factories 
in the U.S.A. and others in South America, Canada, and 
The Netherlands. 


* * * 


Davidson & Co. Ltd., of Belfast, manufacturers of 
fans and dust collectors, have completed an agreement 
with the German firm of Apparatebau Rothemiihle for the 
manufacture under licence of the latter company’s 
regenerative air preheaters. The licence extends to the 
manufacture and sale of this equipment in the U.K. and 
in various overseas territories. This new “Sirocco” 
product will be marketed under the name of the Davidson 
Air Preheater (manufactured under licence of Rothe- 
mihle patents). 


* * * 


Tempered Group Ltd., of Sheffield, whose member 
companies manufacture a wide range of springs, rubber 
components, agricultural-implement accessories, and 
engineering tools, have acquired a financial interest in 
Muré S.A., of Bilbao, Spain, who are manufacturers of 
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TELL 


Conveyor installations in Britain and abroad have proved the 
enormous success of Teleflex mechanical handling. 
industries making goods as various as cigarettes, beer, 
refrigerators, washing machines, biscuits, car 
components, bicycle parts and a host of other 

products have bascd production schemes on 

Teleflex lay-outs. 

In storage, plating, painting, assemb- 

ly, packaging and dispatch depart- 

ments Teleflex conveyors 

bring a new order of efficiency. 

Precision handling at econom- 

ic cost is what you demand. 

You get it from Teleflex! 


Car seat frames emerging 
from a stoving oven at the 
plant of Cox & Co. (Watford) 
Ltd. 


ié ' Teleflex Products Limited, P.O. Box No. 1. Basildon, 


, ssex. : 

1%) Tel : Basildon 20581. Grams: Telefiex/Phone/Basildon. Telex: 1970 a 

‘ek Midlands Lichfield House, Ringway, Smalibrook, 
Tel.: Midland 3421. Telex.: 33412. 
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Here is a Machine Vice with built-in pre- 
cision. As its name implies, it actually grips 
the work hard down onto its table or 
parallels. An accurate set-up in seconds ! 

The illustrations show the boring of a location 
pin hole in a fuel pump assembly fixture at the 
premises of Messrs. AC-Delco, Liverpool, by 
whose courtesy the photographs are reproduced: 


YK BUULT AS A MACHINE TOOL — FOR EFFORTLESS FIRECISIOV 
Stand 7407 - International Machine Tool Exhibition - Brussels - September 3 to 12. 


THE SHEFFIELD TWIST DRILL AND STEEL COMPANY LIMITED 
SHEFFIELD e ENGLAND 


IRMER | ARE BTAINABLE FROM 
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BUSINESS NOTES 


springs. Under the terms of a recent agreement, 
Tempered Group Ltd. is joining two Spanish companies, 
Echevarria S.A., the largest steel producer in Spain, and 
Placencia S.A., to convert Muré into a major undertaking 
for the manufacture of a comprehensive range of coil and 
leaf springs of the types required by the motor industry 
and the railways. The Sheffield company is designing all 
the production equipment for Muré and will supply 
part of it, the rest being made in Spain. 


* * * 


It is announced by Camloc Fastener G.m.b.H., of 
Kelkheim/Taunus, Germany, that the Camloc SPF 
stressed panel fastener is now available in Europe. This 
fastener, which is suitable for a maximum rated load of 
2210 Ib in tension and 4650 Ib in shear, combines the 
features of a quick-operating, quarter-turn fastener with 
the strength and security of a screw-and-nut plate. 


* * * 


z a 

It is announced by the Rockwell Machine Tool Co. 
Ltd. that the Coventry Gauge & Tool Co. Ltd., who 
manufacture “Matrix” broaching machines under 
licence from the American Broach & Machine Co., have 
now completed their 500th British-built ‘“‘Matrix” 
machine. This machine, a Model T-8-24 three-way 
vertical broaching machine, is the latest of many “Matrix” 
machines built for the Ford Motor Co. Ltd. and has now 
been handed over to them. The machine will be used 
in the production of 105E (‘Anglia’) engines, simul- 
taneously broaching four notches in the rocker shaft, 
and will be delivered complete with fixtures, also manu- i 
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factured by the Coventry Gauge & Tool Co. Ltd. ‘The performance of the HARD ANODISED aluminium 
* « . components such as aperture plates and gates in our Kodak 
John Brown & Co. Ltd. announce the formation of a_ | “Brownle’ Eight-S8 projector has been perfectly satisfactory 
subsidiary company, Cravens (Machines) Ltd., of | under five year routine tests, and have been standing up very 
Darnall, Sheffield 9, who will undertake the machine- well to normal wear and tear in the hands of customers’ 
building activities previously carried out by Cravens Ltd. state Kodak Ltd. 
at the same address, these activities mainly being con- , : 
cerned with the manufacture of plastics injection-mould- The projection of 8 mm. film with bigger-than-average pictures 
ing machines, together with the full range of “H.P.M.” and needle-sharp definition by portable equipment, demands 
presses and “Castmaster” diecasting machines. Wick- the utmost precision and reliability. Alumilite HARD 
man Ltd. will continue to act as sales agents for ““H.P.M.” ANODISING imparts a file hard surface to aluminium and 


and “Castmaster” diecasting machines and for ““H.P.M.” 


a resistance to abrasion equal to tool steel. Here are just 
metal-working presses. 


two out of many other reasons why aluminium treated by this 
* * * exclusive process is replacing costlier steel parts. For details 
: : showing how HARD ANODISING can assist your produc- 
The London office of Opperman Gears Ltd., of ti “dl ennai Salhi tas 
Newbury, Berks., and their associate company, Limit- oh, Sees Cae: 


torque Valve Controls Ltd., has been moved to Dutch 

House, 307/308 High Holborn, London, W.C.1, under hve | v | wigs € anodising 
! ) NW specialists 

ALFAYW ni for over 

Aik Girt OR 30 years 

PE eS - = = - 











the continued management of Mr. B. Smith. The new 
telephone numbers are HOLborn 0603/4/5, while the 
telegraphic addresses remain Oppigears, Westcent, 
London, and Limitorque, Westcent, London. 








* * * 


The English Electric Valve Co. Ltd., of Chelmsford, 
Essex, have appointed Calvert Electronics Incorporated, 


of 536 Broadway, New York 12, N.Y., as distributors PRIORY WORKS - Dept. N - STATION ROAD, LONDON, S.W.19 
throughout the U.S.A. for all the company’s products, Tel.: LiBerty 7641 


with the exception of television-camera tubes. MIDLANDS: 20-21 MERIDEN STREET, B’HAM 5 Tel.: MIDLAND 7426 
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Single-phasing . 
eo) ge) <-Youtlela 
at a new /ow price 


DOC sO 


MOTOR STARTER 


NEW from AEl 


A 5 H.P. DIRECT-ON-LINE CONTACTOR STARTER which not 
only possesses unique advanced design features, but is 
also the cheapest on the market with single-phasing 
protection. Interchangeable heaters can be fitted to the 
DOC 80 in a moment to meet any of 15 different current 
ratings. This useful feature will greatly simplify stocking 
problems in many sections of industry. 


DOC 80 FEATURES INCLUDE 


Easy installation. Easy contact 
inspection. Easy-to-operate 
push-buttons. Modern and 
pleasing design. Provision for 

LESTE STF } remote control and separate 

mt a new tow encet coil supply. Single-phasing 
protection and ambient tem- 
perature compensation give 
optimum motor protection. 
Overload heaters supplied in LIST PRICE £5.5. Oo 
separate packs for ratings up 
to 5 horse-power. 
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CONTRACTS 


A contract to the value of about £1,250,000, covering 
the supply of extensive installations for the hot and cold 
rolling of aluminium strip and foil, has been signed by 
the Loewy Engineering Co. Ltd., of Bournemouth, and 
DIA Maschinen-Export, of the German Democratic 
Republic. Negotiations for this equipment, which will 
be installed in factories in the Leipzig area, were initiated 
in March during the Leipzig Spring Fair, at which 
Loewy Engineering were exhibiting. 


* * * 


As a direct result of their participation in the British 
Trade Fair in Moscow, the Coventry Gauge & Tool Co. 
Ltd. have obtained a contract valued at £250,000 for 
various “Matrix” jig borers, gear grinders, and thread 
grinders, to be delivered in 1963. 


- * * 


An order for “Clearcall’’ communication equipment, 
to the value of approximately £120,000, is to be supplied 
by the Electronic Apparatus Division of Associated 
Electrical Industries Ltd. for use throughout the new 
steelworks plant of Richard, Thomas, and Baldwin's 
Spencer Works at Llanwern, Newport, Mon. The 
contract covers the supply of a ““Clearcall”” audio two-way 
loudspeaking system coupled with loud-hailing facilities 
covering large areas, and direct-wire loudspeaking 
telephones with noise-cancelling microphones, as well as 
two-way speech communication to cranes and ground 
positions, audio loop induction systems for crane 
communications, a blast-furnace telegraph, and crane- 
approach warning equipment for preventing crane 
collisions. 

* * * 


Colt Ventilation Ltd., of Surbiton, Surrey, is in the 
process of finalizing a £40,000 order from the Rumanian 
People’s Government for the supply of standard unit- 
ventilating equipment for a new radiator and bath 
factory in Rumania. 


* * * 


A repeat order, worth nearly £100,000, for six 
dual-fuel engines has been received by the National Gas 
& Oil Engine Co. Ltd. from Orenda Industrial Ltd., of 
Toronto, Canada. These engines are National FSCP 
seven-cylinder, HSBT  pressure-charged, intercooled 
units, rated at 1200 bhp at 600 rpm, 35 of which have 
already been specified in previous orders from Canada. 


* * * 


Sir W. G. Armstrong Whitworth Aircraft Ltd., a 
member of the Hawker Siddeley Group, has placed a 
contract for automatic fire-detection equipment with 
Sound Diffusion (Auto-thermatic) Ltd., of London. 
The equipment will be installed in the company’s main 
factory groups at Baginton, Whitley, and Bitteswell, and 
is believed to represent the largest single contract ever 
placed for fire-detection equipment. The areas covered 
at the company’s head factory and office group at 
Baginton include offices, laboratories, and general stores, 
plastics, commercial electronics, paint, goods, and 
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Oxy-acetylene rai! 
re-surfacing on 
Snowdon’s 

Mountain Railway 

(With acknowledgements 
to British Oxygen 

Gases Ltd.) 


50 Ibs. lightweight 
cylinder mounted on 
Kidde Model T.50 Fire 
Extinguisher Truck Unit 
(With acknowledgements 
to the Waiter Kidde 
Company Ltd.) 


then the cylinder 


Many are the end uses for Chesterfield seamless 
steel gas cylinders; more than 10,000,000 manu- 
factured to date, pierced and drawn from solid 
billets of steel. Cold drawn seamless steel 
Chesterfield cylinders are produced to conform 
to the specifications and regulations ruling in all 
countries, and are as perfect as our modern plant 
and manufacturing “know-how” can make them. 


chesterfield tubes 


@ GROUP 


DIGEST 


THE CHESTERFIELD TUBE COMPANY LIMITED CHESTERFIELD 
A MEMBER OF THE 
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The pyramid diamond indenter makes its mark; its ‘diamond’ impression 
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CONTRACTS 


trimmers departments. At Whitley, one of the finest 
research centres in the country, offices for design, develop- 
ment, and draughtsmen are similarly protected, together 
with electronics and mechanical test areas and main 
offices. The contract provides for four independent 
“Auto-thermatic” installations of the Mark IV type, 
and a smaller unit for the control-tower at Bitteswell. 
The Bitteswell works will have two Mark IV systems, 
one on each of the old and new sites, plus the control- 
tower system. Baginton and Whitley each have one 
Mark IV installation. 

When finished, it is expected that the installations 
will contain over 13 miles of break-link cable detectors, 
representing over 23,600 detection points, as well as an 
additional 880 unit detector heads located in offices and 
administrative areas. The break-link cable incorporates 
a fusible link every 3 ft in the wiring, while the unit 
detectors have similar fusible links contained in small 
cages arranged at regular intervals along the ceiling of a 
room. Any detection of fire resulting from fusing of these 
links causes a break in the monitoring circuit, resulting 
in the illumination of locating lamps on the “Auto- 
thermatic”’ control equipment. At the same time, warning 
bells are automatically sounded. 


x * * 


Stone-Platt Industries Ltd. announce that a contract 
has been signed in Moscow for the supply of textile 
machinery to the value of £3,250,000. The order, which 
was negotiated by Platt Bros. (Sales) Ltd., in conjunction 
with Prince-Smith & Stells Ltd., both members of the 
Stone-Platt Industries Group, came at the close of the 
British Trade Fair in Moscow, and covers two complete 
*“‘New Continental’ worsted spinning plants totalling 
42,000 spindles, with dyeing and finishing machinery. 
The spinning machinery covered by this contract is 
valued at about £1,750,000 and will be manufactured in 
the Group’s works at Accrington, Keighley, Leeds, and 
Oldham. 


* . . 


Brookhirst Igranic, a company in the Metal Industries 
Group, has received orders valued at £132,000 from 
John Lysaght & Company and A.B. Svenska Flak- 
fabriken for the supply of motor control centres for the 
new Ford Motor Company works at Halewood, Lanca- 
shire. The contract covers the supply of 60 separate 
wall-mounting starters and 52 separate switchboards 
required to control about 500 electric motors for pumps 
and fans for the complete body and small-parts paint 
plant, and also to provide distribution facilities. Starters 
over 15 hp are of the autotransformer pattern, while 
those for lower power ratings are of the direct-on-line 
type. Supplied separately are several control push- 
button stations, switchfuses for oven-temperature 
controllers, and a load-breaking isolator for mounting 
adjacent to each of the motors. Many of the switch- 
boards will be of the back-to-back type and will be 
mounted on a framework over the drying ovens. Cabling 
of the motor, control, and distribution circuits from the 
individual starters will be carried out by Malcolm & 
Allan, another company in the Metal Industries Group. 
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Giacier D.U. is NOT a “‘self-lubri- 
cated”? bearing material. It is 
LUBRICANT FREE and can with- 
stand high and low temperatures 
(-200° to + 280°C). It fills the demand 
for applications where it is incon- 
venient to lubricate or where 
contamination by oil and grease 
cannot be permitted. D.U. resists 
abrasive atmospheres and can 
operate submerged in liquids. 


Glacier D.U. dry bearings are composed of thin stee) str’p witha 
porous bronze coating im pregnate i with a mixture of a fluoro- 
carbon plastic (P.T.F.E.) and lead 


There are many applications 
where the remarkable properties 
of D.U. dry bearing materials are 
required but it is necessary to 
machine the effective surface. 
There are also shapes and sizes, 
notably very small components, 
which cannot conveniently be 
formed or pressed from a 
composite strip. D.Q., which 
is available in bars or tubes, 
combines the excellent fric- 
tional properties of solid 
P.T.F.E. with a thousand-fold 
improved resistance to wear. 


Glacier D. 9 is an easily mac aa dry ring material consis- 
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Write for FREE Glacier Handbook No. 2. 
which deals with D.U. and 0.Q. and which 
also describes the 0.G. and D.L. process 
treatments. 
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It is announced by H. S. Cattermole & Co. (Hy- 
draulics) Ltd. that Mr. N. King has been appointed chief 
engineer. Mr. King was formerly a director of Dowty 
Hydraulic Units Ltd. and director and chief engineer of 
Exactor Ltd. 


* * *« 


The office of president of The Royal Institution of 
Naval Architects has been assumed by Viscount Simon, 
C.M.G., in succession to Viscount Runciman of Doxford, 
O.B.E., A.F.C., D.C.L., who was president of the 
Institution since 1951. 


* * * 


It is announced by the Federation of British Rubber 
and Allied Manufacturers (F.B.R.A.M.) that Mr. W. E. 
Prior, of the Northern Rubber Co. Ltd. has been 
re-elected chairman for 1961-1962 of the British Mechani- 
cal Rubber Manufacturers’ Association. Mr. S. G. 
Deaves, of B.T.R. Industries Lid., has been elected 
chairman for 1961-1962 of the British Moulded Rubber 
Hose Manufacturers’ Association, and Mr. D. D. 
Marshall, of the Greengate & Irwell Rubber Co. Ltd., 
has been re-elected chairman for 1961-1962 of the British 
Rubber and Plastics Belting Manufacturers’ Association. 


* * * 


Mr. R. T. Miller has been appointed managing 
director, and Mr. A. George assistant managing director, 
of Fletcher Miller Ltd., a member of the Castrol Group of 
Companies. Both Messrs. Miller and George are also 
directors of Castrol Industrial Ltd., another member of 
the Group. 


« * * 


Sir Edward Playfair, K.C.B., has been appointed 
chairman of International Computers and Tabulators 
Ltd., of London, W.1, with effect from August 1, 1961, 
when he will be released from the post of Permanent 
Secretary to the Ministry of Defence. 


* * * 


Mr. E. R. Thomas, managing director of Elcontrol 
Ltd., of Hitchin, Herts., since the company was launched 
in 1948, has now retired from full-time executive duties 
and has resigned as managing director. He is, however, 
remaining a director of the company and is retaining his 
financial interest in it. Mr. B. A. Worswick, who has 
been chief engineer and technical director for the past 
eighteen months, has been appointed managing director 
of the company. 


* * * 


Simms Motor Units Ltd. announce the appointment 
of Mr. J. Howard, A.M.1I.Mech.E., Grad.R.A.S., as 
chief engineer, fuel injection, consequent on the promo- 
tion of his predecessor, Mr. T. Paterson, to the post of 
technical manager. 


* * * 


It is announced by the Instrument Division of E.M.I. 
Electronics Ltd. that Mr. J.S. Pinder, at present North of 
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England area sales engineer, will go to Hayes to become 
senior sales engineer, closed-circuit television. Mr. W. 
Dunn, at present covering the West of England area, will 
become North of England area sales engineer, while Mr. J. 
Keat, now at Hayes, will become West of England area 
sales engineer. 


x * * 


Mr. C. R. Arnold, who has been for more than ten 
years on the technical sales staff of George Vokes 
(Infra-Red) Ltd., has been appointed to the board as 
sales director. 


* * a 


Mr. N. L. Howell, general manager of the D.P. 
Battery Co. Ltd., of Bakewell, Derbyshire, has been 
appointed to the board of the company. 


* /~ * 


Mr. R. F. G. Lea, deputy chairman and joint managing 
director of CIBA (A.R.L.) Ltd., of Duxford, Cambridge, 
has been appointed a director of CIBA Clayton Ltd., of 
Manchester. In addition, Mr. R. H. Wilson has been 
appointed to the board of CIBA (A.R.L.) Ltd. 


* * « 


Ambuco Ltd., of London, W.1, a member of The 
Gold Fields Mining & Industrial Group, announce the 
appointment of Mr. E. W. F. Clements, M.I.C.E., 
M.I.Mech.E., as a director of the company. Mr. 
Clements is chief mechanical and electrical engineer of 
The Consolidated Gold Fields of South Africa Ltd. In 
addition, Mr. J. L. Webb has been appointed contracts 
manager. 
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NEWS ROUND-UP 


Applied Research Laboratories for the Machine- 
Tool Industry 


The first laboratory in the works of Alfred Herbert 
Ltd., of Coventry, was established as early as 1910, when 
many companies were still employing hit-and-miss 
methods of development and process control, or even 
none at all. In later years, with the modern trend towards 
more intensive specialization, it has become necessary to 
promote greater liaison between specialists and to 
integrate and extend the mechanical and electrical 
development work of the company. As a first step, a 
new design wing was built and, in addition, an adjacent 
plot of land was earmarked for the erection of a building 
to house the Applied Research Department. The opening 
of these new premises on June 20, 1961, marks the 
fulfilment of these plans. 

The shell of the building is of brick, and provision 
has been made for the load of two overhead travelling 
cranes. To provide maximum light without incurring 
excessive changes in temperature, illumination is 
provided by northern lights in the roof, windows being 
provided only on the north-east side of the main hall, so 
as to avoid the afternoon sun. The main hall, housing 
the Mechanical Section, is divided into two bays, of 
which the bay on the south-west side is equipped as a 
machine shop for the manufacture of complete new 
development machine tools (with the exception of the 
larger components, which are handled in the production 
machine shops), components for the development of 
existing machine tools, and jigs, fixtures, models, and 
other tools required for the applied research work 
conducted in this department. The other bay contains 
an erection shop in which the machines are built and 
operated under the relevant controlled test conditions. 

The Electrical Laboratory is located in a separate 
section at the end of the building, with adjacent office 
accommodation for the mechanical and electrical research 
engineers. It has been specially equipped to deal with 
machine-tool research and development and the solution 
of its related problems. A wide range of power supplies 
is available to serve the laboratory and the adjacent 
machine test bay, and the instrumentation includes a 
selected range of equipment for the precision measure- 
ment of electrical and physical phenomena. The latest 
techniques are employed in waveform analysis, high- 
speed counting and timing, process measurement and 
control, and thermal and other problems, using instru- 
ments appropriate to the class of investigation. 


Course on Statistical Quality Control 


The College of Advanced Technology, Birmingham, 
is again offering a full-time course of three weeks 
duration on “Statistical Quality Control and Acceptance 
Sampling’, commencing on September 11, 1961. The 
course is primarily intended as an introduction to the 
subject, but provides the basic training necessary for 
quality-control engineers. The first fortnight will be 
spent in covering the general principles and procedures 
of quality control. The final week will be devoted to 
lectures by specialists from industry and to visiting the 
works of firms employing quality control, where members 
of the course will be able to see the practical application 
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of quality-control methods, and to discuss the techniques 
and associated problems. The course will be directed by 
Mr. J. D. Morrison, Principal Lecturer in metrology and 
quality control in the Production Engineering Depart- 
ment, and will be run in co-operation with the 
Mathematics Department. 

Further details and application forms can be 
obtained from the Bursar, College of Advanced Tech- 
nology, Gosta Green, Birmingham 4. 


The New B.1.C.C.-Group McFadzean Laboratory 


The new McFadzean Laboratory, named after the 
chairman of British Insulated Callender’s Cables, is the 
latest addition to the Group’s research facilities. In 
this connection, it should be noted that the research 
organization of the Group is responsible for carrying 
out such long-range experimental work as is necessary 
to feed the engineering laboratories with the information 
they need to fulfil their shorter-range objectives, and to 
conduct basic research in fields of lasting interest, 
regardless of immediate applicability. In addition, the 
research organization provides central facilities in those 
cases where they are required by several factories, but 
which demand such specialized personnel or equipment 
that a number of separate laboratories would be 
uneconomic or inefficient. The organization has ten 
experimental departments, each working in a_ well- 
defined field of science or technology, and four of these 
are housed in the new building, the others being in other 
buildings on the site. All these departments are 
supported by a works engineering group with compre- 
hensive workshops and machine shops. 

The McFadzean Laboratory, which is located at 
Wood Lane, London, W.12, is a six-storey building 
occupying a ground area of about 200 ft = 60 ft and pro- 
viding approximately 64,000 sq ft of floor space for the 
various departments concerned. The basement has 
accommodation for the storage of records, the electrical 
substation, the refrigeration and space-heating plant, and 
the automatic telephone equipment, and also provides a 
large space to be used for life-testing and similar long- 
term tests which need only occasional supervision. The 
ground floor contains the entrance vestibule and the 
conference room, but is otherwise wholly occupied by the 
Instrumentation and Control Department, which provides 
a centralized service to the Group and is responsible for 
developing novel measuring devices, principally in 
connection with non-destructive quality-control testing, 
for designing and constructing complete schemes for 
instrumentation, and for devising automatic production 
equipment to replace and improve upon existing manual 
methods, and to improve product quality or to economize 
in material usage. 

The Physics Department occupies the whole of the 
first floor, nearly all of its work being of a long-range 
nature and largely concerned with the dielectrics used for 
power cables of all descriptions. The second floor is 


devoted to research on capacitor dielectrics and is in the 
hands of British Dielectric Research Ltd., which serves 
both the Capacitor Division of B.1.C.C. and the Telegraph 
Condenser Co. Ltd., a B.I.C.C. subsidiary. The third 
floor houses the drawing office, the Diffraction and 
Microscopy Department, and the Photographic Section. 
The Diffraction and Microscopy Department is mainly 
concerned with the fine structure of materials and provides 
an analytical service of this nature to all other depart- 
ments of the organization. Major items of equipment in 
this department include an X-ray micro-analyser, an 
X-ray diffraction camera, and an electron microscope. 
The photographic section has many duties of a routine 
nature and its extensive equipment includes high-speed 
motion-picture cameras and still cameras for special 
photographic investigations. 

The only laboratory on the fourth floor is that 
containing an electronic computer, which is used for 
mathematical and engineering-design problems. The 
remainder of the fourth floor contains the kitchen, 
cafeteria, and lecture room. The fifth floor is mainly 
devoted to staff amenities, whilst the partial sixth floor is 
used exclusively for plant rooms for the ventilation and 
mechanical services. 
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COLLEGE OF ADVANCED TECHNOLOGY, BIRMINGHAM 
RESEARCH FELLOWSHIP 


Applications are invited for the Joseph Lucas Research Fellowship 
in Production Engineering tenable normally for two years 
Salary Range £1,300 - £1,500 per annum 
Applicants should be capable of planning and developing a pro- 
gramme of research in a technological or related sphere of Production 
Engineering. In addition to completing the form of application, 
applicants should submit a statement of the topic on which they 
would be prepared to work and a brief account of the problems and 
procedures involved in the programme 
Application forms and further details of the post may be obtained 
from Bursar, Room 40 (Y), College of Advanced Technology, Gosta 
Green, Birmingham, 4 
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NEW TECHNICAL BOOKS 


British Miniature Electronic Components and Assem- 
blies Data Annual, 1961-62. Edited by G. W. A. 
Dummer, M.B.E., M.I.E.E., Sen.Mem.LR.E., and 
J. Mackenzie Robertson. 480 pages. Publishers: 
Pergamon Press Ltd., Headington Hill Hall, Oxford. 
Price: 80/— ($15.00). 

Containing information on techniques and facilities 
closely associated with miniature equipment, this annual 
is more than a data book; indeed, it is also a useful 
reference book of undeniable value to all electronics 
engineers, designers, and users of miniature electronic 
components. In this connection, the ever-increasing use 
of transistors, coupled with the general trend towards 
smaller electronic components, sub-units, and main 
items of equipment, obliges those concerned with their 
design and supply to have comprehensive data on 
currently available miniature electronic parts and 
assemblies. This book fulfils this requirement by pro- 
viding essential details in concise form of a wide range 
of miniature components, together with information on 
the effects of potting resins, shock and vibration, and 
temperature overload. 

As a yardstick of what constitutes a miniature 
component, a 1l-in. cube has been taken as the approx- 
imate maximum size, though some items over this limit 
have been included where they happen to be the smallest 
of their particular type. Resistors up to and including 
a rating of 0-5 W are included, while the maximum size 
limit for the body limit of capacitors is taken as | in. 
Only those components which are manufactured or 
assembled in the U.K. are covered. 

This book is the first volume in a new series, which 
will eventually include composite components, miniature 
potted and printed-wiring assemblies, and micro- 
miniature assemblies. 


International Dictionary of Physics and Electronics. 
Second Edition, 1961. 1358 pages. Publishers: D. Van 
Nostrand Company Ltd., 358 Kensington High Street, 
London, W.14. Price: £10/5/— ($27.85). 

Prepared by an international group of distinguished 
scientists and educators, this excellent book is a profusely 
illustrated dictionary containing comprehensive details 
of terms from seventeen major subject divisions in the 
field of physics and providing exact and unambiguous 
definitions. In short, the book is unique in that it 
provides in a single volume a complete general reference 
in physics and, as such, is an invaluable aid in the plant, 
laboratory, and research centre. 


Enlarged and revised, this new edition includes recent 
developments in such areas as thermonuclear research 
and magnetohydrodynamics, nuclear physics, astro- 
physics, and electronics, together with new definitions 
on networks, computers, etc. and a clear review of the 
major developments in physics from Sir Isaac Newton 
to such recent discoveries as the non-conservation of 
parity and work on strange particles. The units and 
systems of units are treated at length, and definitions 
of the most common mathematical terms encountered 
in present-day physics are also included, together with 
numerous terms in the subject areas bordering on physics. 
The terms defined include laws, relationships, equations, 
basic principles and concepts, together with details of 
the most widely used instruments, equipment, and 
components. In short, the treatment adopted comprises 
the terms of pure science, as well as those of its 
applications. 

Since the appearance of the first edition in 1956, 
many new terms have evolved, while modifications have 
been made in the meaning of a number of old terms. 
Most of these are included in the new edition, together 
with improvements in clarity and completeness and 
correction of the errors and omissions in the first edition. 
In addition, for the first time, a comprehensive and 
extremely useful multilingual index of terms in French, 
German, Russian, and Spanish is provided. 


Modern Atomic and Nuclear Physics. By C. Sharp 
Cook. 306 pp., 149 illustrations. Publishers: D. Van 
Nostrand Company Ltd., 358 Kensington High Street, 
London, W.14. Price: 58/6. 

Fundamentally intended for college or university 
students who have completed at least one year of 
classical physics and mathematics through calculus, this 
outstanding book is a clear and compact introduction 
to atomic nuclear physics, in which the background 
information necessary for understanding discussions of 
atomic structure is carefully presented, without spending 
excessive time on preliminary discussions 

In addition to dealing with atomic and nuclear 
structure, associated radiations are discussed, together 
with details of relativistic mechanics, quantum mechanics, 
solid-state physics, and elementary particles, with more 
than 200 problems and numerous references comple- 
menting the text material. Included among the book’s 
appendices are detailed mathematical treatments of 
subjects covered in the text, primarily in terms of their 
physical significance. Dr. Cook, who is head of the 
Nucleonics Division of the U.S. Naval Radiological 
Defence Laboratory in San Francisco, not only writes 
with authority, as is to be expected, but also has the 
ability to present his subject lucidly, interestingly, and 
with admirable conciseness. In short, this is an excellent 
book, undoubtedly one of the best in its field. 
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starting something? . . . like a Passenger Liner, or an Oil Tanker, perhaps or 
a project where you could use specialised knowledge and experience . or, where, without 
capital expenditure, you could supplement your own resources with additional 
Production of a specialised nature 
It could be a job for The Pickering Group of Companies, where the traditional engineering 
skills of almost a hundred years of history are merged, most effectively with the 
advanced techniques of the Twentieth Century . . . techniques in the application of High 
Vacuum principles to Industrial problems, such as the manufacture 
of Vacuum Lifting Gear and Vacuum Clamping Machines that have been acclaimed by World 
Shipbuilders—the provision of Complete Off-Shore Oil Drilling Equipment—the 

fabrication of Diesel Engine Bedplates, Gearboxes, Cranes and Tanks 
and the building of High Vacuum Units for Metal Coating, Decorative Finishes 
and Optical Blooming. The Group is recognised as leaders in all aspects of Weiding and the 
Fabrication and Manipulation of most metals. 
On a contract or sub-contract basis, The Pickering Group of Companies is daily providing a 
valuable service to many diversified industries. A Technical Consultant Service is 
available and your enquiries are invited. 


R. Y. PICKERING & CO LTD. 


VACUUM INDUSTRIAL 
APPLICATIONS LTD. 


DANIEL VARNEY LTD. 
WOODFIELD PICKERING L7D. 





Telephone* WISHAW 2142 
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Vacuum Lifting Unit. For handling plates of 
varying lengths in lifts up to 6 tons. 
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THE PIGKERING GROUP OF COMPANIES 


Steel Fabrications — Stern Frames — Engine Bed- 
plates — Gearboxes — Crane Structures — Tank 
Work — Equipment for the Oil Industry 

High Vacuum Equipment — Melting and Sintering 
Furnaces — Metal Evaporation Units — Vacuum 
Casting Plant — Control Equipment, etc., etc. 


Scientific Instruments 


Complete Off-Shore Drilling Equipment 


NETHERTON ROAD - WISHAW - LANARKSHIRE - SCOTLAND 


Telegrams: PICKERING, WISHAW 
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LATEST INDUSTRIAL LITERATURE 
MO 


1. Engineering Ceramics 

Details are given in an 8-page brochure of the 
chemical structure, mechanical properties, and methods 
of manufacture of a range of engineering ceramics, 
selected applications of which include insulators, nuclear- 
test equipment, spark plugs, mechanical seal faces, 
cutting tool tips, pump impellers, spray jets, jigs and 
fixtures for electric welding, etc. 


2. Hydraulic Equipment 


The range of hydraulic equipment described in an 
illustrated 8-page brochure includes rams for working 
pressures up to 2000 psi, hand pumps, and hand- or 
foot-operated combined pump /ram units. In addition, 
details are given of low-pressure hand pumps incorporat- 
ing directional flow-control valves and of remote-release 
and stop valves. 

3. Wheels and Castors 

An illustrated 40-page brochure contains particulars 
of a range of wheels and castors, such as rubber-tyred, 
solid-rubber, cast iron single-and double-flanged wheels, 
and single- and twin-wheel light and heavy-duty castors. 
Useful recommendations for positioning and loading of 
the wheels and castors are given, and information on 
axles, axle brackets, and thrust bearings are also 
incorporated. 

4. Hose, Hose Couplings, and Fittings 

A series of data sheets and leaflets presents a wide 
range of rubber hoses, such as braided or wrapped, 
solvent and air-line, steam, suction, sand-blast, and 
welding hoses. Particulars of a range of hose couplings 
and fittings are given, including expansion joints, 
hexagon and expanded-bore couplings, flange nipples, 
and worm-drive and bolted-clamp clips. 

5. Adjustable Hand Reamers 

Eminently suitable for accurate reaming of cast iron, 
steel, aluminium, light alloys, plastics, etc., an adjustable 
hand reamer is dealt with in a 4-page folder. Due to the 
shearing and scraping action of the single blade, which 
has zero top rake, every hole reamed has exceptionally 
high surface finish with no chatter marks whatsoever. 

6. Control Valves and Accessories 

An illustrated 80-page catalogue deals with a range of 
control valves, such as high-pressure, motor-actuated, 
small-flow, butterfly, and hand-operated valves. The 
auxiliary equipment and accessories described include 
booster relays, limit stops, solenoid valves, transducers, 
and positioners. In addition, data on flow characteristics, 
flow coefficients, and valve sizing are incorporated. 


MAIL THIS COUPON TO-DAY 


THE ENGINEERS’ DIGEST, 7.61 
120 Wigmore Street, London, W.1. ‘ 
ate 


Please send free and without obligation the literature indicated by 
the following circled numbers: 
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7. Heavy-Duty Vertical Hobbing Machines 


A special in-out mechanism, an antifriction hob head, 
a heavy-threaded lead-screw, a two-piece involute-spline 
backshaft, and an accessible index and feed-change 
gearbox are some of the salient features of the heavy-duty 
vertical hobbing machines described in a _ 10-page 
brochure. The machines are capable of producing at 
high speeds camshaft gears, keyways in two shafts 
simultaneously, tapered splines, wormwheels, worms, etc. 


8. Industrial Finishes 

A well-produced 40-page handbook contains essential 
information on industrial finishing and serves as a useful 
guide to the pre-treatment of metal surfaces and the 
applications of various finishes. Chapters are included 
on dipping, flow-coating, spraying, stoving, and other 
finishing processes, and information on maintenance 
paints and pipeline identification is also incorporated. 


9. Water-Testing Equipment 


An illustrated 4-page brochure contains information 
on a simple and effective means of testing water used in 
land and marine boilers, steam generators, heat 
exchangers, water works, etc. The test is carried out by 
dissolving one-by-one various tablets in the water 
samples and by checking the colour of the samples 
against a chart which gives details of chemical composi- 
tion, pH values, etc., of the water. 


10. Remote Controls for Fullway Valves 


Designed to cover the complete range of fullway 
valves, a series of power-operated remote controls is 
described in a 4-page brochure. The assembly comprises 
a double-acting cylinder, anchor brackets for attaching 
the cylinder to the pipe-line, U-bolts, and flexible piping 
from the cylinder to the bulkhead unions which are 
joined to an anchor plate. 


11. Arc-Welding Electrodes 


A 36-page handbook contains details of composition 
and performance of a wide range of arc-welding elec- 
trodes, such as coated mild-steel, general-purpose, heavy 
coated, niobium-stabilized austenitic stainless-steel elec- 
trodes, etc. A large number of accessories is also dealt 
with, including electrode holders, earth clamps, welding 
cables, etc. 


12. Electric Motors 


Recommended for applications in metalworking and 
woodworking machines, centrifugal fans and com- 
pressors, cranes, lifts, conveyor drives, textile machines, 
etc., a range of electric motors is presented in a 16-page 
brochure. Details of speeds, torque and load charac- 
teristics, and constructional features of the motors are 
given, and information on the most economical motor 
speeds and optimum pulley sizes is also given. 

13. Adjustable Motor Bases 

An illustrated 4-page brochure contains particulars 
of a range of adjustable motor bases, devised to replace 
slide rails in order that belt adjustments may be made 
without stopping the motor. The bases, which are easy 
to fix, provide continuous alignment for motors of from 
1 to 50 hp. An additional 4-page brochure introduces 
motor bases with built-in automatic belt-tension control, 
which eliminate belt slip, provide cushioned starting, and 
increase belt life. 


LITERATURE REVIEWED RECENTLY 
14. Steam Traps 
15. Rolled Steel Rings 
16. Bimetallic Cylinder Liners 
17. Wedge-Belt Drives 
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How do they roll top hats? 


As section minded people are aware, “‘top hat” 
is just a name for one of our many thousands 
of standard sections. Our motto has always been 


“tell us the shape and we will make it’, so whatever 


Sketch your section for us 
we will quote witbout obligation. 


shape a designer requires we can 


cold roll it accurately in any quantity or length. 
METAL SECTIONS LTD 


‘@ 


COMPANY 





OLDBURY : BIRMINGHAM Tel: BROadwell 1541 


’™ 
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R3M 
Duplex 


Bearings 


Ransome and Marles duplex bearings are 
frequently specified for exacting main shaft 
applications in gas turbine engines. 

Here they meet the requirements for high 
speed, large capacity and the ability of 

one bearing to take thrust in either direction 


will take 
that 


awkward 
thrust load 


There are many other less critical applications 
where the duplex bearing is providing a 
compact solution to thrust problems. 

The Ransome and Marles two-piece inner 
design is backed by a wealth of practical 
experience. Publication 37 will provide you 
with full details of duplex and other bearings 
in the RQM range. 


RANSOME & MARLES BEARING COMPANY LIMITED 
NEWARK-ON-TRENT~ NOTTS - TELEPHONE 456: TELEX 37-626 
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f t baa” " Electromagnetic Multiple Disc Clutches 
or ~ op eee have proved their efficiency and reliability 
P on a wide variety of machines. Time loss is 
. . r minimised during changeover stops. Work 
20 eee ~ . spindle speed can be varied over a wide range 
“ at constant power. Ratios of feed-drive speed 
to rapid-motion speed in excess of 1:50 are 
easily obtained. 

These Clutches facilitate special production 
such as automatic machining of a wide 

variety of work-pieces. 


These advantages mean much to the user 
Unit unaffected by oil. 


No adjustment required at any time. 


Electromagnetic ¢ “J ~~ Small dimensions at high torques. 


Low energy consumption through efficient 


Multiple Dise | Es, yo flux utilization. 


For torque transmission over very wide 


r | range. 
+ U + H S tia ‘ i}, ine . Our Electromagnetic Multiple Disc Clutches are 


available in various designs 


cut non-productive time 
to a minimum 


FARADAY WORKS - GT WEST ROAD - BRENTFORD - MIDDLESEX 


Telephone: ISLeworth 2311 Telegrams: Siemensdyn Brentford, Hounslow ~- Telex No. 25337 





PRESSING 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components 
can be produced to your own edie (METAL DETAILS) LTD 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARLAS TON STAFFS 
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R{M 
Duplex 


Bearings 


Ransome and Marles duplex bearings are 
frequently specified for exacting main shaft 
applications in gas turbine engines. 

Here they meet the requirements for high 
speed, large capacity and the ability of 

One bearing to take thrust in either direction 


will take 
that 


awkward 
thrust load 


There are many other less critical applications 
where the duplex bearing is providing a 
compact solution to thrust problems. 

The Ransome and Marles two-piece inner 
design is backed by a wealth of practical 
experience. Publication 37 will provide you 
with full details of duplex and other bearings 
in the ROM range. 


RANSOME & MARLES BEARING COMPANY LIMITED 
NEWARK-ON-TRENT-NOTTS - TELEPHONE 456° TELEX 37-626 
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PRESSING 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 


be fabricated by welding, soldering or 
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can be produced to your own specifica- 
tion and design, and supplied in painted, 


plated or enamelled finishes. DARLAS TON STAFFS 


JULY, 1961 Volume 22, No. 7 27 





ORCUTT 


SHAFT GRINDING MACHINE 


ADAPTED FOR SPECIAL 


APPLICATION BY 


WOLSELEY 


The Orcutt Hydraulic 
Shaft Grinding Machine 
was installed by Morris 
Motors Limited at their 
Coventry Works for 
accurate grinding of 
angular lug faces on 
syncromesh hubs for 


the new Wolseley 6-99. 


Write for our latest 
literature on the Orcutt 
20” and 36” Grinding 
Machines. 


Comprehensive gear grinding service. 
Gears manufactured and ground complete. 


Makers of the Orcutt range of gear and 
spline grinding machines and measuring 
machines. 


The Gear Grinding Co. Ltd. 


CRANMORE BOULEVARD <- SHIRLEY + SOLIHULL *» WARWICKSHIRE 
Telephone: SHIrley 2231 (6 lines) Telegrams: Orcutt, Birmingham. 
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7th EVROPEAN 
Machine Tool Exhibition 


(Open Sundays) 


BRUSSELS} 


1} 





intending visitors are strongly recommended to make hotel reservations 

as soon as possible. The appointed agents are Thos. Cook & Son Ltd. 

Copies of the official exhibition catalogue will be available in early August. 
Applications should be forwarded now to the Commissariat General de la 7eme 
Exposition Europeenne de la Machine-Outil, 13, Rue des Drapiers, Brussels, 5. 

At the same time a transfer of Belgian Frs. 100 to the General Commissariat's 
Account No. A.26/1617 at Banque de Bruxelles, Brussels should be arranged and 
confirmed to the Commissariat with your order. 

For all information apply to: 


The Machine Tool Trades Association, 
Brettenham House, Lancaster Place, London W.C.2 
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HERMETIC TYPE 
COMPRESSORS 
unequalled 
for performance 
sy and flexibility 





Available to match loads up to 100 tons 


Carlyle Open and Semi Hermetic Type reciprocating 
compressors with built-in capacity control are designed 
for speeds up to 1750 r.p.m. with belt or direct drive and 
for use with R.12, R.500, R.22 and R.717. 


These eight features assure top efficiency 


1. AUTOMATIC UNLOADED STARTING 
of Carlyle 5 series Compressors permits the use of normal torque motors. 
When the compressor starts, a reduced-load starting device actuated by 
oil pressure unloads a number of controlled cylinders. 


2. AUTOMATIC CAPACITY CONTROL 
saves power and water by stepping down compressor capacity as low as 25°, of full 
load in direct response to suction pressure changes. Can also be operated by 
pneumatic or electrical contro] systems. 


3. POSITIVE PRESSURE LUBRICATION 
uses an oversized, manually reversible pump to assure proper oiling of bearings 
and wear surfaces plus oil circulation in shaft seal chamber. Special 
design features minimize oil in refrigerant lines. 


4. LIGHTWEIGHT CRANKCASE 


is integrally cast with cylinder block to save bulk. Gas passages are generous 
resulting in very low pressure losses, while over-all crankcase 
design is simple to facilitate inspection and service operations. 


5. GAS COOLED CYLINDERS 
are strategically arranged in the suction manifold for maximum life. 
As gas flows through the compressor, it circulates about cylinder sleeves and 
keeps them cool. Effectual design cuts pressure drop to minimum. 


6. CARLYLE’S VAPOUR CUSHIONED VALVES 


cut valve noise in half by eliminating an opening ‘‘click’’. Opening 
valves back into recessed guides, compressing gas behind them. In the guides, 
gas cushions valves, keeps them from striking metal. 


7. CLEANABLE OIL FILTER 
of the pressure type with throw-away cartridge protects vital parts 
against dirt and sludge. A suction line strainer gives further protection, 
and built-in magnetic plug arrests any metallic particles which appear. 


8. REPLACEABLE MOVING PARTS 


mean savings in service costs. Manufactured to precision 
standards to permit easy interchangeability, moving parts 


in these compressors are replaced in field without removing compressors from bases. 


Replacement and spare parts for all Carlyle 
products are readily available should 
they be required. 


Shai TX CARLYLE AIR CONDITIONING 
Write for detai/s to Cc y aN FR LW .. = \ & REFRIGERATION LTD 


1 King Street, St. James’s, London SW1 
Telephone: Whitehall 5356 




















MACHINED IN 24 SECONDS 
WITH AUTOMATIC LOADING 


The photograph shows the automatic loader 
fitted to a No. 6 Ryder Verticalauto supplied 
to The Ford Motor Company Limited. It is 
used in the production of differential gears, 
which are finish-bored, turned and faced at 
the rate of one component in 24 seconds. The 
magazine carries enough components for a 
forty minute run. 

Automatic loading can be fitted to all sizes 
of Ryder Verticalautos. 


VERTICALAUTO 


Thos. Ryder & Son, Limited, Turner Bridge Works, 
Bolton, England. 

Makers also of single spindle Rydermatics and Piston 
Ring Lathes. 
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AN 
EXPORT MANAGER’S 
BEST FRIEND 
IS AFORD 
ENGINE 


All over the world the name Ford stands for 
tough, economical, reliable engines built to the 
highest engineering standards. That’s a big 
sales-point ! All over the world there’s the 
close-knit chain of the Ford Service organisa- 
tion, with factory-trained engineers backed by 
stocks of genuine Ford parts. That’s an even 
bigger sales-point ! 

The Company whose industrial equipment is 
powered by a Ford engine is a jump ahead of its 
competitors in world markets. Ford-powered 
equipment is easier to sell in the first place— 
and its long life and low running and mainten- 
ance costs make it easier to get repeat orders. 


Ford Industrial engines range from 15 b.h.p 
to 100 b.h.p—Diesel or Petrol, 4-cylinder or 
6-cylinder. Send the coupon below for full 
technical specifications. 


6099 - 


SPELLS POWER 








=> 
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Please send me full details and dimensions of Ford Industrial engines. 
Power range required Diesel/Petrol 

YOUR FIRM’S NAME 

For the attention of Mr. 


ADDRESS 





TOFORD INDUSTRIAL ENGINE DIVISION - DEPT G5b/EM7-SOUTH OCKENDON - ROMFORD- ESSEX - ENGLAND 
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RICHARDS 


The 
BOLT & NUT 


People 


One range from a vast 
selection of fastenings is 
the Richards ‘Hi-Strain” 
Bolts. Produced to 
B.S.1083 and 1768, Grade R 
in the 45-55 ton tensile 
range and available with 
British or Unified threads. 
Our other lines include 
Black, Bright and Cold 
Headed Bolts and Nuts, 
Alloy Steel Studs, Carbon 
Nuts, High Strength Friction 
Grip Bolts, Permanent Way 
Fastenings and Telegraph 
Ironwork, 


Look for these 
initials the 
bolt head. 


Send 
for our 


catalogues & 
Stock list 


Charles Richards & Sons Limited | 
P.0. Box 23 Darlaston, Wednesbury, Staffs |! 
Telephone: James Bridge 3188 (8 lines) ! 
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DONCASTERS <> 
i778 DD 




















Famous for Forgings 


The Daniel Doncaster companies have works 
in Sheffield, Leeds, Oldham and Blaenavon, S. 
Wales. These works have kept abreast of 
modern forging practice and new equipment is 
still being installed on a considerable scale. 
More important to you is the range of this 
equipment, for by using a combination of 
plant and skills, we can offer a service and 
carry out procedures impracticable to a 
firm possessing a less versatile organisation. 
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DANIEL DONCASTER & SONS LIMITED SHEFFIELD 


MONK BRIDGE IRON & STEEL CO. LEEDS !2 
MOORSIDE COMPONENTS » OLDHAM 


DANIEL DONCASTER & SONS (THE BLAENAVON CO. BRANCH) LTD, 
BLAENAVON - MONMOUTHSHIRE 
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D itt FB 1¢5E tn Future 


“It certainly is the future,’’ exclaims Les 


Brown, ‘“‘for our Type 1436 oil filter is 
brand new. It’s for filtration of transformer 
oils to remove suspended solids and sludge 
by mechanical separation which, at the 
same time, decolourises and neutralises 
acids and absorbs soluble products.’’ ‘‘Yes’’, 
adds Dave Davies, ‘‘it is also for by-pass 
filtration of industrial oils such as rolling 
mill coolants to remove acidity etc., as 
well as minute solids.”’ 

Les Brown and Dave Davies are the British oil 
filtration experts. Ring them personally at Midland 
7961 for advice. 


BIRFIELD-HILCO ‘0° SERIES FILTERS 


OIL FILTRATION RECLAMATION EQUIPMENT ‘RY SERIES FILTERS 


Meme " + THE Manufactured by DUPLEX FILTERS 


INTERMIT LIMITED 000 SERIES FILTERS 
TTT) 


**The Hilliard Corporation’’ licensees 
BSIRFIELO GROUP 


SM /1 5818 BRADFORD STREET - BIRMINGHAM & 
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Essential reading 
for every modern engineer 


Brings you right up to date on Molybdenum Disulphide lubrication with 
ROCOL MOLYBDENISED LUBRICANTS. Brief, factual and complete—specially 
written and designed for fast reading. Contains over 60 actual case histories. 


WRITE TODAY FOR YOUR FREE COPY! 
Hocol ROCOL LIMITED “Pf ! 


GENERAL BUILDINGS, ALDWYCH, LONDON W.C.2. Tel: HOLborn 1985 
ROCOL HOUSE, SWILLINGTON, Near LEEDS. Tel: Garforth 2261 


@7862 
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HAVE BEEN GRANTED EXCLUSIVE RIGHTS TO 


MANUFACTURE IN GREAT BRITAIN AND ARE AUTHORISED 


TO MARKET IN 
COUNTRIES FOREIGN TO 


THE VU. S. A. 


MODEL 7H D SINGLE SPINDLE 8 x 20° 


PRODUCTION HOBBING MACHINE 





Bae demands of high speed hobbing, 
and its resultant problems, brought 
about the design of the Lees-Bradner 
Model 7 Hevi-Duty Production Hobbing 
Machine. 
The 7-HD is ideally suited to today's and 
tomorrow's production demands, and its 
ruggedness and simplicity coupled with 
the ease with which hobs can be changed 
and diameters controlled, greatly increase 
machine output. These factors are earning 
for the 7-HD an outstanding reputation in 
high production plants. 








iN SPUR AND HELICAL GEAR SPECIALIST. 
ORIGINATORS OF ROTARY SHAVING, 
- GEAR HONING AND PTOID 
oo 
PRECISION GEAR MAC AINES & TOOLS LIMITED 


RED RING WORKS, BODMIN ROAD, COVENTRY 


Telephone: Walsgrave-on- Sowe 2372 Telegrams: Pregearmac, Coventry 
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BROTHERHOOD 


TWO TIER DRAW MACHINE FOR 
STRETCHING SYNTHETIC TEXTILE YARN 
RECENTLY SUPPLIED TO RUSSIA 


Each Tier works independently and has seven 
input and seven output rolls, of increasing 
diameters, with a centrally situated Heater. 
Pneumatically powered Squeeze Rolls are fitted on the first 
input and the last output rolls to prevent yard slip. 
The input end is driven by a 5 h.p. and the output 
by a9 h.p. motor, both with dynamic 

slip couplings and brake units. 

Roll Speeds: Input 94/40 rpm. Output 130/40 rpm. 
Bedplate Dimensions: 14’ 6” x 4’ 6”. Height 8’ 3”. 
Weight: 17 Tons. 


PETER BROTHERHOOD LTD 
PETERBOROUGH ENGLAND 
COMPRESSOR AND POWER PLANT SPECIALISTS FOR NEARLY A CENTURY 
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PowerGrip is easy to instal because 
there is no initial tension required, no 
adjustments to make or stretch to 
consider. And never any lubrication 


Speed is uniform when you use Power- 
Grip Belt Drives and r.p.m's absolutely 
exact 


For a sure non-slip drive at any speed, 
with high pulley ratios — use PowerGrip. 


Ask our Technical Department for details 


PowerGrip 


BELT DRIVES 
William Kenyon & Sons (POWER TRANSMISSION) Ltd. 


DUKINFIELD - CHESHIRE - Telephone : Ashton-under-Lyne 1614/7 & 3673/6. 
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SPECIAL ALLOY TOOL STEELS 


Details are given below of three of the ranges of 
Edgar Allen’s special alloy tool steels. Other 
steels are of course, covered in our Special Alloy 
Tool Steels booklet and Stocklist. Please write 


for details using the request form. 


COMPRESSION MOULDS IN DOUBLE SIX STEEL 
If the duty is severe Double Six super die steel 
is recommended. The extra cost being recovered 
over and over again in the extra production life 
of the tool. The high alloy composition ensures 
that the cutting edge lasts much longer than 


ordinary steel. 


SCREWING DIES, CHASERS, ETC., IN K9 STEEL 


This steel has been perfected to meet the needs 
for inexpensive non-shrinking steel suitable for 
tools requiring the highest accuracy KY gives 
long production runs with minimum regrinding 
and can be used for dics. stay taps, plugs and 


gauges. 


SHEAR BLADES IN MINERVA STEEL 


Minerva Tool steels are easy to manipulate, with 
a simple oil-hardening heat treatment, despite 
their special alloy content. Both steels hold a 
good cutting edge and are extremely resistant to 
wear. The H.C. grade being slightly harder 
Minerva L.C. for chisels, pneumatic percussion 
and boilermakers’ tools 

Minerva H.C. for punches, shears, hot and cold 


dies, chipping tools, ete. 


Edgar Allen & Co. Ltd. : Sheffield 9 
Please send data in ‘SPECIAL ALLOY TOOL STEELS’ to | 


i i. 


NAME 


POSITION EDGAR ALLEN & CO. LIMITED 


FIRM 


| IMPERIAL STEEL WORKS : SHEFFIELD 9 


ADDRESS 
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TAKING THE BISCUIT 


‘ Socast ’ steel castings are produced by the precision 

methods of the Shell Moulding, Osborn Shaw and 

Osborn CO, Block Processes. Intricate designs may 

be cast in stainless and other steels, to close tolerances 

and high quality finish. These castings drastically 
reduce, or even eliminate machining 
of many components, and in this 
way are lowering production costs 
for many users. 


Please send for further details and 
fully illustrated brochure No. 7.— 
* Socast Steel Castings’. 


STEEL CASTINGS 


BY PRECISIOW METMOOF 


SAMUEL OSBORN & CO. LIMITED 
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For NEWMARKET TRANSIS 


a member of the PYE group of companies 








Continuous mesh belt conveyor 
furnace alloying germanium 

in the manufacture of 
Newmarket transistors. 
Maximum temperature ; 1000 C, 
+” belt travels at O—12” 


per minute. 
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The cost of a specially designed 
furnace is no more than for standard 
plant. Judge for yourself— 

For your next furnace get a quotation 


from Royce. 


ROYCE ELECTRIC FURNACES LIMITED 


ALBERT DRIVE - SHEERWATER + WOKING - SURREY 
Telephone Woking 5401-4 
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Cast 
with 


Precision 


* Aluminium and magnesium alloy castings by 
sand, die, shell and plaster mould methods. 


% Engine blocks and cylinder heads 
in high duty iron. 


* Castings of the highest quality in the 
desired quantities at the right time. 
Magnesium Alloy Carriage 
* The greatest technical experience Casting for Canning ‘Uniflex’ 
augmented by quality control Buffing Machine. Weight 23 Ib. 


of production. By courtesy of . 
W. Canning & Co Limited. 


STERLING METALS LTD 


STERMET 
PHONE NUNEATON 4221 td 
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a twin pumping set 
incorporating stand- 
by equipment 


MOTORISED GEAR PUMPS 
VARLEY-FMC LIMITED 


(Subsidiary of Food Machinery and Chemical Corporation U.S.A.) P.4967 
FERRY LANE BRENTFORD MIDDLESEX Telephone: ISLEWORTH 3922 (6 lines) Telex No. 25371 Telegrams: Paracyclic Brentford Telex 
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For over half a century 


MANUFACTURERS OF Model “BW” Automatic Plain 


Grinding Machine 


Precision 
Grinding 
Machines 














PRECISION PLUS PRODUCTION 


THE CHURCHILL MACHINE TOOL CO. LTD. 
BROADHEATH MANCHESTER 


EXPORT SALES ORGANISATION 
ASSOCIATED BRITISH 
MACHINE TOOL MAKERS LTD. 
LONDON, BRANCHES and AGENTS 


HOME SELLING AGENTS 
CHARLES CHURCHILL & CO. LTD. 
BIRMINGHAM and BRANCHES 


C 678a 
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FOUR helpful publications 


Constant research has ensured that Walpamur Industrial Finishes 

meet every requirement of modern industry, and these four free publications 
will help you to make the best possible use of this extensive range. 
CATALOGUE OF INDUSTRIAL FINISHES describes the pre-treatment of 

metal surfaces before painting and gives details of primers, fillers and stoppers, 
stoving finishes,enamels, nitro cellulose finishes etc. 

EPOXY RESIN PAINTS booklet details the complete range of FEROX 

epoxide resin based paints, including stoving, air drying, and cold cure finishes for 
many industrial requirements. 


SILICONE LEAFLET gives information about the use of silicone in heat resisting 
and water repellent paints, bonding varnishes, etc. 


INDUSTRIAL SHADE CARD shows the complete range of colours available for 


all types of finishes. 


All are obtainable free on request to: 


THE WALPAMUR COMPANY LIMITED 
DARWEN AND LONDON 


TO HER MAJESTY THE QUEEN 
+ANUFACTURERS OF PAIN 
4€ WALPAMUR CO 


Paints, enamels, varnishes and finishes for every industrial need anna . 1008 
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JIG BORING MACHINE 


A competitively priced high precision machine 
designed and proved for accurate toolroom 
work or production jig boring. 


now in use 
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FEAT YU 


Table size 

Table settings to 

Spindle Speeds (18) 

Spindie feeds (4) up and down 

Power traverse to table and quill head. 

Table milling feeds }” to 15” per min (optional) 


Ask for Catalogue 10/60. 








24" x 43" 
0.000058” 
49 to 2.500 r.p.m. 


0.002” to 0.008 
per spindle revolution. 


















FERRYBRIDGE - KNOTTINGLEY - YORKSHIRE + Tel: 2323 + Telex: 55166 





ny POLLARD BALL & ROLLER BEARING CO. LTD 








Se’ distribution throughout the world 
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at Hinkley Point 


asses under construction for Central Electricity 
Generating Board by the English Electric, 

Babcock and Wilcox and Taylor Woodrow, 

Atomic Power Construction Company Limited. 
When Taylor Woodrow positioned this 3,900 ton 
caisson accurately above the tunnel being drilled 
under the rock below, the correct distribution of the 
loads to the structure as it settled on the bed 

of the Bristol Channel was of paramount importance. 
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ore , Saunders-Roe strain gauge engineers 
provided a simple electrical system for measuring 
the loads in the spud legs. 
This is but one example of the way in which 
Saunders-Roe foil strain gauge techniques 
requiring only simple electrical measuring 
instruments are contributing to research development 
and every day instrumentation over an 
almost boundless field of industrial activity. 


For full details write to:— 


SAUNDERS-ROE 
STRAIN GAUGE DIVISION: OSBORNE WORKS, EAST COWES, ISLE OF WIGHT 
TELEPHONE: COWES 2211 


A MEMBER OF THE WESTLAND GROUP OF COMPANIES 
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. if your seals and gaskets are made of 
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When things get really heated, Silastomer remains fully efficient—even at temperatures 
up to 250°C, where organic rubbers melt and char. Certain grades of Silastomer are 
available for intermittent use at temperatures as high as 300°C. Yet this highly versatile 
silicone rubber is equally serviceable down to —70°C! 

Added to which, Silastomer 


% retains excellent dielectric characteristics over a wide temperature range 
*% 1s non-adhesive 

* offers high resistance to oxidation and weathering 

% possesses good water repellent qualities 


. all in all, an impressive list of properties. No wonder, then, that so many rubber 


manufacturers are producing mechanical mouldings in Silastomer. Get their names and 
addresses from any Midland Silicones branch office. 


Silastomer is the registered name of a comprehensive range of silicone rubbers manufactured and marketed by 


MIDLAND SILICONES LIMITED 


(Associated with Albright & Wilson Ltd and Dow Corning Corporation) 
first in British Silicones 
68 KNIGHTSBRIDGE - LONDON - SW1 - TELEPHONE: KNIGHTSBRIDGE 7801 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester. Agents in many countries 


msec 
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That you can get higher production with better 
finish at lower cost on vertical spindle, 
segmental surface grinding. By changing to 
ALOXITE vitrified segments, it was possible 
to reduce the abrasive cost of grinding these 







Spanners by more than 5°,— this is quite an 
item when you're grinding in quantities such 
as our customer does. And look at the finish! 






Here are the production figures: 


COMPONENT GROUND 

Open-end spanners, 11” long } and 
j Whit. 

MATERIAL 

EN47 chrome vanadium alloy steel 
ABRASIVE 

Segments AA46——J5— VL. 

NUMBER GROUND 

200 doz. spanners per set of 6 segments 
ABRASIVE COST 

4°35 pence per dozen. 





= 
CARBORUNDUM can help you to achieve this 


kind of production and economy. And not 


* ip — 
ee wala 

=) 

oe only on segmental grinding. Whatever your 
grinding process, whatever your problem, we 
have experts who can advise on the best and 
most efficient use of abrasive materials 
Write and ask for a representative to call 
e 

ALOXITE is a registered trade mark of the 


Carborundum Company Limited 


THE CARBORUNDUM COMPANY LTD 
TRAFFORD PARK, MANCHESTER 17 


Telephone TRAHord Park 238! Telegrams CARBORUND. TELEX MANCHESTER 





BONDED 
ABRASIVES 
DIVISION 
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Chip thickness under SUL 
requires perfect grinding 





Coromant 


Tungsten Garbide Burs 
are ground by a new method 





S<True running teeth 


} 7 Me <Highest degree of sharpness 


>A special brazing method 
ensures highly resistant 


i joints 
“A Coromant grade with ideal 
properties even when used at 


very high cutting speeds 
RAPID REGRIND EXCHANGE SERVICE 


SANDVIK SWEDISH STEELS LTD 
# Manor Lane, Halesowen, Birmingham 
Telephone: Halesowen 2121 (7 lines) Telex: 33164 
$ VIK 


AND Scottish Warehouse at 


a Blackbraes Road, Nerston Industrial Area, East Kilbride, Glasgow 
Telephone: Murray 429 
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Sparking time: 3+ hours 


THIS PEDAL PAD FORGING DIE took 34 hours to make on the new GKN Spark Machine, 
Model B1. How long would it have taken by other methods ? 

When you've worked it out, consider the GKN Spark Machine. /t is faster, more accurate, 
more versatile, more compact and better designed than any other machine of its kind, yet 
both installation and running costs are low. 

The GKN Spark Machine was designed by the GKN Group Research Laboratory. Not 
only is it backed by all the Laboratory’s technical resources, but every user of the GKN 
spark machine can count on regular visits from the makers’ technical representative to ensure 
that he gets the most from his machine. 

Whether you are engaged in forging, wire-drawing or press-tool making, the GKN Spark 
Machine is something it will pay you to know about. Ask our sales agents for an illustrated 
brochure on the GKN Spark Machine (Models B1 & B2). Ask them now 


S SS SS Caerphilly, Glamorganshire. 


WR TD 
: . ~ WA WORERRAVTRES WELSH METAL INDUSTRIES LTD., - aN 

S >» v 
MMA MAA fh) i } 
Pr 


ae N Sales Agents U.K 
(A ’ (N . NX M. C. Layton Limited, Abbey Wharf 
The | a) + Spark Mach | ne Mount Pleasant, Alperton, Wembley, Middx 
NN Rudkin & Riley Limited 
Cyprus Road, Aylestone, Leicester 


Alfred Herbert Ltd., P.O. Box 18 
Red Lane Works, Coventry 


DESIGNED BY THE GKN GROUP RESEARCH LABORATORY 
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TYPE OE 
700 rpm. COMPACT 
. EFFICIENT 


EMBODYING ALL 
THE MECHANICAL 
ADVANTAGES OF THE 
LARGER P.I.V. GEARS 


























TYPE OA aa masa vebaive 


d feet 
SPEED RANGE a sc POSITIVE INFINITELY VARIABLE 


i The only Pit 
Geak pr 





The full range of P.I.V. Gears 
extends up to 50 h.p. 





STONE-WALLWORK LIMITED 


32 VICTORIA ST., LONDON, S.W.1 Phone: Abbey 7681 Grams: “Stonwalabb” Sowest, London 
WORKS: OLDHAM, LANCASHIRE 
Also Makers of Worm Reduction Gears Piece Goods, Stamping Machines_and Light Alloy Bobbins for the Textile Trade 
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ELECTROPLATING 
ANODISING 
PHOSPHATING 


SPECIALISTS IN PLATING TO SPECIFICATION 





Se - — ; 


IONIC PLATING CO. LTD. 


GROVE STREET, BIRMINGHAM, 18 
TELEPHONE: SMETHWICK 2951 (8 LINES) 
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Meehanite 


means 
CASTING 


QUALITY ‘ 


TAKE ADVANTAGE 


OF THIS FREE OFFER When you specify Meehanite—you are getting a high 


Fer mate teith cael Mieheate quality casting. Meehanite castings are controlied to give 
castings, write for any of the uniform soundness, accuracy and good finish and 
bulletins listed below, which will machinability. You can depend upon Meehanite castings 
gladly be sent upon request. i : : 
K7 to give you a better performance in service .... 
Casting Design—10 basic rules so put this dependability to work for you. 
K8 Meehanite Casting Properties 
K9 Cut Costs with good Design 


MEEHANITE 


THE INTERNATIONAL MEEHANITE METAL CO., LTD., EPSOM, SURREY 


SLT, T2984 Volume 22, No. 7 





D.C. MOTOR 


E.P.E. turn D.C. problems 
into 0.0. motors” .... 


Not long ago, many people thought 
it impossible to get D.C. motors 
quickly and at a reasonable price 
Some people still think so 


They don’t know about E.P.E. 


*E.P.E. specialise in D.C. equip- 
faem, combining their many years 
experience in this field with a keen 
interest. in.néw techniques. They 
can supply D.C. motors and 
generators of any enclosure 
quickly and at a reasonable price 
If you’ve a D.C. motor problem, 
why not bring it along to E.P.E ? 
If they haven’t a solution in stock, 
they'll be happy to make one for 
you ' 


ELECTRICAL POWER ENGINEERING CO. (B’ham) LTD. 
E.P.E. Works, Bromford Lane, Birmingham 8 
"Phone: STEchford 2261 ’Grams: Torque Phone: B’ham 


London Office 42!, Grand Buildings, Trofaigar 
Square, W.C.2 ‘Phone: WHitehal! 5643 and 7963 
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Holroyd 
are 
here 


In industrial works all over the world, Holroyd 
products play a part in manufacture and distribution. 
Their unfailing reliability, based upon a century's 
experience in forward-looking engineering, has 
made Holroyd a famous name in their specialised 
branch of engineering. Technical advice, practical 
service and distribution abroad are available 

from representatives in more than 

thirty countries all over the world. 


Say HOLROYD first for— 

Worm gears & gear boxes + Spur & 
helical gears * Compressor rotors 
Holfos bronze + Machine tools 


JOHN HOLROYD & CO LTD : MILNROW - ROCHDALE - LANCASHIRE 
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E.N.V. 


60 


ENGINEERING COMPANY 








LIMITED, 
Telephone : 


The 

Right Angle 
on the 
Drive 


E.N.V. have exceptional facilities 
for the manufacture of spiral 
bevel and hypoid gears infsizes 
up to 72” and for the serial 
production of right-angle drive 
units for a wide variety of 


industrial applications 


Engineers who need right-angle 
transmissions are invited to 
communicate with the E.N.V. 
Design Department at the 


project stage. 
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HYTHE 
LADbroke 3622. 


ROAD, 


THE 


WILLESDEN, 


LONDON,  N.W.10. 


AP88 


ENGINEERS’ DIGEST 








The natural 
choice for 
long runs 











(KXE) Illustration by 


courtesy of 


2° CARBON 14, CHROME HIGH DUTY TOOL STEEL MESSRS DEXION 
LIMITED 


was chosen by DEXION LTD 


for the dies and punches to produce their famous 
slotted angle. Millions of slots have been punched 


with the minimum amount of tool regrinds. 








roostinan (KAYSER {f ELLISON {] & CO.LTD) 


and is available 
CARLISLE STEEL WORKS + SHEFFIELD 4 
free on request. Telephone : SHEFFIELD 22124 ESTABLISHED 1825 
LONDON STOCK WAREHOUSE MIDLAND STOCK WAREHOUSE 
4 Pembridge Mews, Notting Hill Gate, W.1 1, Station Road, Coleshill, Birmingham, 
Telephone : BAYswater 9/31 /2 Telephone : Coleshill 2041/2 
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Electronic 





The Brown Boveri 


Electronic System 


consists of standardized ‘‘building blocks’’ in the 
form of transistorized, plug-in, printed circuits, 
from which analogue and digital systems can be 
assembled for tasks in control, tele-operation and 


computer applications. 


BROWN BOVERI 


BROWN, BOVERI & CO., LTD., BADEN (SWITZERLAND) 


System 





3230.41 


Examples: 


Control of drives for rolling mills 
and machine tools, and machinery 
for the textile and paper industries. 
Control of induction heating instal- 
lations, resistance welding plants, etc. 
Special equipments for automation 
of manufacturing processes. 
Telemetering and _ tele-operation 
equipment for the remote control 
of power plants and substations. 
Load and frequency control in power 
systems. 
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POLYBLOC 


SYSTEM 


TRADE MARK 


for Corrosion Resistant 


HEAT EXCHANGE 
Equipment 


* 


Made from highly inert graphite blocks, 
Very robust, 
Fully detachable, 

Takes advantage of “End Effect” for remarkably 
high heat exchange efficiency, 
Important anti-fouling effect, 

Fuel economy, 
Savings in maintenance cost. 


* 


Equipment constructed on the Polybloc principle 
can ideally solve your problems of 


Heat Exchange, Absorption, Evaporation, Concentration, 
Condensation, Stripping, etc. 


We shall welcome your enquiries. 


* 


Manufactured and soid in Great Britain by’ 


ROBERT JENKINS & CO. LIMITED 


ROTHERHAM ~- YORKSHIRE 


in U.S.A. 
The Carbone Corporation, Boonton, N.J., U.S.A. 


for the rest of the World 
Société le Carbone-Lorraine, 45 Rue des Acacias, Paris (17e), France. 
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CASTROL INDUSTRIAL 


N 
N 
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This new Universal Lubrication This Universal System, which 
System represents the latest development in dispenses oil or grease, is particularly 
two-line centralised equipment. It is a recommended for industrial machinery 


typical product of the experience 
gained by the Castrol Group in 
nearly 60 years of designing preci- 
sion lubricating equipment. This 
System is based on a new positive 
dispensing unit which can be 
operated in parallel, or progressively, 
or in any desired combination of both. 


generally, from the largest and most 
complex to the small and simple 
types. Castrol Industrial engineers 

will be eager to recommend the 
most suitable ways for you to 
obtain the advantages of this new 
System in your type of plant. A 
telephone call involves you in no 







It eliminates the drawbacks of parallel or commitment and may well be the first 
progressive systems, yet combines the move in putting all your lubrication 
best features of both. worries behind you. 


A new Castrol Industrial publication 
that should he in your file. . . 


A new booklet entitled ‘‘Universal Centralised 
Lubrication Systems” is the latest publication in the 
Castrol industrial series of technical manuals. 

Jt 1s very informative and profusely illustrated. 
Post the coupon today for your own copy. 


POST THIS COUPON NOW es | 


Please send my copy of ‘‘Universal Centralised Lubri- 
cation Systems” to:— 





NAME 


ADDRESS OF COMPANY 


POSITION HELD . E.D 


Post coupon to: Castro! Industrial Ltd., Castro! House, Marylebone | 
Road, London, N.W.1. Tel.: HUNter 4455 1 
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THE BLUE PAGES 





@ OXIDATION-RESISTANT ALU- 
MINIUM-LITHIUM ALLOYS 
It is well known that the 
casting of aluminium-lithium al- 
loys is rendered difficult by the 
ease with which these alloys are 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





oxidized. Another disadvantage 
encountered when working these alloys is their 
coarse crystallization, which causes the metal 
to become brittle, with consequent difficulties in 
any subsequent deforming operation, irrespec- 
tive of whether it is carried out cold or hot. 
To overcome these drawbacks, a new process 
has been developed, making it possible to 
produce aluminium-lithium alloys containing 
from 1 to 20% of lithium, which are con- 
siderably more resistant to oxidation than many 
other alloys. In addition, the process makes it 
possible to refine these alloys to such an extent 
that they have improved mechanical properties 
and are easy to work. 

Essentially, the process involves incor- 
porating into the aluminium-lithium alloy a 
metallic constituent comprising beryllium and/or 
zirconium, preferably with the inclusion of 
titanium, silicon, and/or boron. The total 
content of the additions is between 0-01 and 
1% by weight of the alloy, the amount of 
beryllium and/or zirconium being at least 
0:005°% by weight of the alloy. In this con- 
nection, it has been found that the ease with 
which aluminium-lithium alloys are oxidized 
is considerably reduced if, in addition to the 
beryllium and/or zirconium, a small proportion 
of titanium, silicon, and/or boron, as already 
stated, is incorporated into the alloy, titanium, 
boron, or a mixture of titanium and boron being 
specially recommended. In this way, it is 
possible to ensure that the grain of the alloy 
formed is fine enough to satisfy the require- 
ments of industrial practice. When the process 
is used for the production of plates, it may also 
include casting the alloy into plate form, pre- 
— the plates to 500°C, and then hot-rolling 
them. 


From Brit. Pat. Spec. 870,261. 
Pechiney Cie. de Prod. Chim. et Electrométallurgiques, Paris. 


@ CERIUM SULPHIDE CORES FOR INVES TMENT 

CASTINGS 

Long hollow passages in investment castings 
have often been very difficult, or even impossible, 
to produce, preventing the use of investment 
castings in some designs. Now, however, a 
cerium sulphide core has been developed 
which has mechanical strength, resists attack by 
molten metals, and can be formed into thin 
JULY, 
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cores, enabling designers to specify small- 
diameter, long holes in investment castings. 
This development has been stimulated by the 
requirement of providing cored holes in air- 
cooled turbine buckets, but the new material is 
not, of course, limited to this specific application. 
In fact, any investment casting, particularly in 
steel, requiring small holes can now be specified 
with cored holes. Tolerances are stated to be good, 
surface finish is excellent, and cost should be 
moderate. The cores are produced by dissolving 
naphthalene in ether and mixing in the cerium 
sulphide. The ether evaporates, leaving the 
naphthalene binder uniformly distributed 
through the sulphide, and the cores are then 
pressed and sintered at high temperature. One 
particular method of making small cores 
consists of pressing the sulphide around molyb- 
denum wire of about half the diameter of the 
finished core. An alternative is to dip the wire 
into a slurry, gradually building up the core 
diameter and then sizing it by drawing through 
a die. For odd-shaped cores, it is possible to 
fill a metal tube with cerium sulphide, seal its 
ends, and then reduce its diameter by swaging 
or forging. 

One of the most desirable features of cerium 
sulphide cores is ease of removal from the 
casting, since nearly all dilute acids dissolve 
cerium sulphide. The core gives off hydrogen 
and hydrogen sulphide when it dissolves, the 
gases agitating the fluid sufficiently to keep fresh 
acid in contact with the core at all times. 


From Precision Metal Molding, U.S.A.., 
April 1961, pp. 46-47. 


@ TELEVISION COMMUNICATIONS SYSTEM 
USING ULTRAVIOLET RADIATION 


An experimental system for transmitting 
images and other information over an ultra- 
violet carrier has been developed, using a 
cathode-ray tube both as a source and as a 
modulator of ultraviolet light. A conventional 
ultraviolet-sensitive photomultiplier receives the 
transmission, input signals being supplied by a 
standard television camera and the output 
image displayed on a television receiver. The 
success of this experimental system indicates 
that it will soon be feasible to use cathodo- 
luminescent devices as virtual point-source 
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Can 
you 
beat 


that, 
Mr. Jones? 





When he’s in the mood, Mr. Jones cer- 
tainly gives those drums a beating. 
That's what they’re made for, of course 
...to help him, and thousands of 
other jazz enthusiasts, to enjoy life to 
the full. As a matter of interest, though, 
pressure die castings play quite an im- 
portant part in everybody's enjoyment 
of life. They are an essential part of an 
endless variety of consumer products as 
well as many musical instruments. 

Wolverhampton pressure die castings 
offer manufacturers of all kinds of pro- 
ducts, high quality components at 


a 


ie 


remarkably low cost in a variety of 
pleasing finishes. And the massive scale 
of production that can be achieved helps 
everyone to enjoy a higher standard of 
living. Wolverhampton pressure die 
castings point to progress in a big way. 
Your enquiries would be welcomed. 


THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 


GRAISELEY HILL WOLVERHAMPTON TEL: WOLVERHAMPTON 23831 
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generators of ultraviolet radiation at the outputs 
and in the narrow bandwidths necessary for 
space communication. Thus, the short-per- 
sistence phosphors of the cathode-ray tube used 
produce an output of | W of ultraviolet radiation 
from a 0-0011-in. spot, when bombarded by a 
30-kV, 0-335-mA electron beam. Focused into 
a 0-0033-deg. conical beam by an optical 
reflector of 19-in. focal length, this power-density 
of over 10 kW/sq in. is sufficient to permit 
communication over a 10-cps band at distances 
of about 15,000,000 miles, and at ranges of about 
250,000 miles, e.g., from the earth to the moon, 
this is sufficient for video transmission. 

It is believed that ultraviolet space-com- 
munications systems will eventually prove 
superior to infrared and radio-frequency systems 
in many respects. Thus, they have the ability to 
beam extremely short wavelengths by compact 
optical reflectors, achieving antenna gains of 
several million, and they have relative freedom 
from celestial and thermal noise. A research 
programme has been initiated to develop new 
high-efficiency phosphors and the techniques 
necessary to prevent them from being destroyed 
by the high-energy beams which stimulate 
ultraviolet emission. One technique under 
investigation involves spinning the tube, so that 
the phosphor is spiralled under the point of 
impact of the stationary electron beam. 


From ng aga Engineer, U.S.A., 
May 1961, p. 


@ ROLLING STAINLESS-STEEL SHEET AT LOW 

TEMPERATURES 

Rolling at temperatures as low as ~105°F 
or lower can greatly increase the strength of 
certain stainless-steel sheet. This improvement 
is obtained without any sacrifice in ductility or 
impact strength; in fact, these properties are 
better after low-temperature rolling (also known 
as “zerolling”) than after room-temperature 
rolling. In addition, it is claimed that a yield 
strength exceeding 300,000 psi can be achieved 
by low-temperature rolling and that the sheet 
so produced retains its strength at elevated 
temperatures longer than does ordinary sheet. 

It should be noted that not all stainless steels 
respond to this rolling process. Essentially, the 
process transforms the structure of the steel 
from austenite to martensite, so that the most 
responsive steels are those which have a meta- 
stable austenite matrix, such as types 301, 302, 
and 304. Low-temperature rolling has the 
least effect on steels with a more stable austenite 
matrix, such as types 309 and 310. Since low- 
temperature rolling produces a martensitic 
structure, the stainless steels thus processed are 
ferromagnetic. The reasons for the low- 
temperature-rolling effect are not really known. 
Since it is known, however, that the temperature 
JULY, 
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at which austenite transforms to martensite 
in stainless steel is low, it is clear that tempera- 
tures much below room temperature are needed 
to produce this transformation during rolling. 
While rolling temperatures can be as low as 
—320°F, the optimum temperature is probably 
—105°F, because the percentage increase in 
mechanical properties between —105°F and 
—320°F is not great enough to justify rolling at 
the lower temperature. 


From Materials in Design Engineering, U.S.A., 
May, 1961, pp. 10-11 


@ NEW TYPE OF CRYOGENIC TRANSFORMER 


Although transformers making use of the 
phenomenon of superconductivity at tempera- 
tures near absolute zero have been considered 
in the past, they have been faced with an 
apparently insurmountable difficulty in that a 
moderately strong magnetic field can quench 
the superconductive state by restoring electrical 
resistance when the field strength reaches a 
critical level. It is now reported, however, that 
this difficulty has been overcome satisfactorily 
in a new design of cryogenic transformer, in 
which use has been made of the discovery that, 
by interleaving layers of the primary and 
secondary windings, the total magnetic field 
strength can be kept below the critical level. 
Since the current in adjacent layers flows in 
opposite directions, the magnetic fields generated 
about these layers are also opposing, so that, 
in effect, the individual magnetic fields nearly 
cancel each other and eliminate the problem 
of magnetic quenching. 

A transformer of this type has already been 
operated successfully at a level of 15 kW, and 
it is stated that the new design is considerably 
lighter in weight and less costly than conventional 
transformers of equivalent rating. In addition, 
the cryogenic transformer eliminates a number 
of major problems facing designers of conven- 
tional transformers. Thus, the lack of electrical 
resistance in superconductive metals results in 
the production of less heat, so that the costly 
devices normally used for dissipating heat are 
eliminated. For the same reason, power losses 
resulting from heating of the windings cannot 
exist, and no consideration need be given to 
the problem of the deteriorating effects of heat 
on insulation. In the new design of transformer, 
excessive voltage loads can be handled in the 
same way as in conventional transformers, but 
excessive current loads require more elaborate 
safeguards because they could quench super- 
conductivity and put the transformer out of 
action for at least one minute. However, such 
outages can be prevented by means of very- 
fast-acting circuit-breakers or external induc- 
tance coils. 

Another problem in connection with the 
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use in practice of a cryogenic transformer has 
been solved by the recent development of a 
new helium refrigerating unit which can produce 
temperatures down to —452°F and can maintain 
them unattended for months of continuous 
operation. Since the cost of refrigerating the 
entire transformer would be excessive, only the 
superconductive coils are cooled, the cores being 
left at room temperature. Heat leaks into the 
system are controlled by vacuum insulation, 
liquid-nitrogen heat shields, and a special 
arrangement of the superconductive input leads. 


From Arthur D. Little, Inc., Cambridge, Mass., U.S.A., 
June 1961. 


@ IMPROVED METHOD OF REFINING PIG IRON 


Apart from the classical blowing method of 
refining pig iron in a stationary vessel, processes 
have been developed in which the refining 
vessel is rotated about its longitudinal axis while 
the blast (mainly oxygen or an oxygen-rich gas) 
is blown onto the surface of the bath. Although 
this procedure is intended to mix the slag into 
the metal and to accelerate the course of the 
reaction, it has been found in practice that this 
intimate mixture of slag and metal is very 
incompletely achieved. 

To overcome the difficulties of previous 
methods using rotation of the vessel, in which 
the bulk of the charge fails to participate in 
the rotary motion, a new method of refining 
pig iron has been developed and is claimed to 


ensure thorough mixing of the bath and slag, 
with an appreciable reduction in the time 


required for purification. The new method 
comprises blowing a stream of oxygen or 
oxygen-containing gas onto the surface of the 
molten charge contained in a vessel which 
rotates or oscillates about its horizontal axis. 
The essential feature is that, in a plane at 
right-angles to the axis of rotation, the refining 
vessel has a non-circular internal cross-section, 
so that rotation of the vessel gives rise to 
variations in the surface area of the charge 
contained in the vessel, resulting in pronounced 
swirling movements. These movements ensure 
thorough mixing of the slag and molten charge, 
fresh reacting surfaces being continually pre- 
sented to the refining agent. The method 
therefore retains the advantages offered by the 
normal technique in a bottom-blown converter, 
without the latter’s disadvantage that, during 
oxidation of the carbon in the processing of 
pig iron with a high phosphorus content, there 
can be no appreciable dephosphorization and 
that, during the second stage of dephosphoriza- 
tion, there is a considerable increase in nitrogen 
content. Actually, the refining process can be 
further improved with the new method if the 
intensity of swirling movement imparted to the 
charge is arranged to be different in the con- 
JULY, 
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secutive phases of purification. Thus, during 
the first phase, in which as complete a de- 
phosphorization as possible is required, but 
without premature oxidation of the carbon, 
the latter effect is retarded by using a less 
intense or totally suppressed swirling movement. 
In the second phase, however, the desired 
complete combustion of the carbon is promoted 
by a more intense degree of swirling movement, 
with a consequently more thorough mixing of 
the slag and molten metal. 


From Brit. Pat. Spec. 870,565. 
Kléckner-Hiittenwerk Haspe A.G., Hagen-Haspe, Germany 


@ THE EFFECTS OF SUNLIGHT ON THE COR. 

ROSION OF STEEL 

Although some references have been made 
in the literature to the effects of ultraviolet or 
other light on metal corrosion, light is not 
normally taken into consideration in corrosion 
studies, as other factors are much more signi- 
ficant. It is pointed out, however, in a recent 
article, that the effects of light should receive 
more attention, particularly when there are 
differences in the amount or type of light 
striking a surface. 

As described in this article, the effects of 
sunlight on the corrosion of steel were first 
observed in a number of laboratory tests, 
which showed that the corrosion rate of steel 
exposed to sunlight is greater under a blue 
filter than under a red filter, provided that a 
thin film of water covers the metal surfaces. 
To repeat these experiments under outdoor- 
exposure conditions, supplementary tests of four 
months’ duration were made, using steel 
specimens exposed under filters of moulded 
glass which transmitted radiation within specific 
spectral regions. The results of these outdoor 
tests confirmed those made in the laboratory 
and showed that the corrosion of steel can be 
affected by the type of light striking the metal 
surface, the high-energy ultraviolet light pro- 
ducing an effect at the surface that leads to 
higher corrosion rates than are obtained in its 
absence. A radiation consisting of both visible 
and infrared light apparently results in less 
corrosion than that caused by infrared light 
alone. 

One interesting result of experiments in 
connection with the pre-exposure of steel to 
either ultraviolet or infrared light was that an 
initial surface reaction can occur which will 
affect subsequent corrosion reactions. It is 
presumed that ultraviolet light activates the 
metal surface so that corrosion is initiated either 
earlier or at a more rapid rate, but the scope 
of these experiments was not sufficient to 
establish the difference between initial effects 
and a continued corrosion rate. If ultraviolet 
light affects the continued corrosion rate, it is 
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difficult to understand how a pre-exposure to 
infrared light can have any effect on subsequent 


exposure to ultraviolet light. Also, the effect 
of visible light has not been clearly established, 
though it appears to play some small part. 


From Corrosion, U.S.A., 
June 1961, pp. 93-94. 


@ METHOD OF MAKING PERMANENT MAGNETS 


A new method of making permanent 
magnets is based on the fact that, if small 
particles of a ferritic composition are dispersed 
in a suitable liquid medium and the dispersion 
is subjected to a magnetic flux, the particles 
will be oriented in one desired direction. The 
liquid medium is then evacuated or otherwise 
separated from the particles without disturbing 
the orientation of the agglomerate of particles, 
around which a matrix-forming material is 
allowed to solidify. Various ways of accom- 
plishing this result are possible. Thus, for 
example, orientation can be effected in a cavity 
in a non-magnetic die having a punch with a 
slight clearance, pressure on the punch causing 
expulsion of the liquid medium and leaving the 
oriented particles in the die cavity. The pressed 
agglomerate is then removed and immersed in a 
molten matrix, entering the voids, after which 
it is allowed to cool and harden. 

The ferritic composition is preferably a 
ferromagnetic material consisting of lead ferrite, 
barium ferrite, and/or strontium ferrite, with 
particle sizes from 0-5 to 10 microns. The 
liquid medium can be water or any other liquid 
having a viscosity not exceeding that of water, 
such as ethyl alcohol, acetone, benzene, 
xylene, and toluene. The matrix-forming 
material can be any suitable resinous, plastic, or 
elastomeric material which is capable of hard- 
ening or setting to a solid state and which is 
sufficiently hard and tough to allow the magnet 
to be used normally without breakage or 
crumbling, typical examples being chlorinated 
naphthalene, castable phenol formaldehyde 
resin, acrylic resins, and epoxy resins In some 
cases, the matrix-forming material can, if 
desired, be included as particles as a co- 
suspension in the liquid medium with the 
ferromagnetic particles, provided that it is a 
normally solid, thermally insensitive resin which 
is insoluble in the liquid medium, e.g., poly- 
styrene in alcohol, polyethylene in acetone, and 
phenolic resin in water. Application of heat to 
the agglomerate of particles after magnetic 
orientation sets the resin and provides the 
necessary coherence and physical stability of 
the mass without disturbing the orientation of 
the particles. The finished magnets can be cut, 
drilled, turned, etc. to any required shape. 


From Brit. Pat. Spec. 870,573. 
Leyman Corporation, Cincinnati, Ohio, U.S.A 
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@ ULTRA-HIGH-STRENGTH COMPOSITE 
MATERIALS OF SAPPHIRE AND ALUMINIUM 


Development work is currently being con- 
ducted on ultra-high-strength materials which, 
weight for weight, are expected to be from 
three to four times as strong at white heat as 
any high-strength alloy. Although it is planned 
eventually to develop composites using steel 
and other metals, preliminary work is being 
conducted chiefly with aluminium which, be- 
cause of its low melting point of 1220°F, aids 
in fabrication studies. 

To produce these composites, sapphire 
whiskers or fibres are grown from pure alu- 
minium heated to between 2200 and 3000°F in 
an atmosphere of hydrogen and water vapour. 
The aluminium evaporates and oxidizes to 
aluminium oxide, which is deposited in the 
form of whiskers, each consisting of a single 
crystal. These whiskers range in size from tiny 
strands to large needles and are able to with- 
stand tensions varying from a few thousand to 
several million pounds per square inch. 
Variations in size, shape, and strength are 
determined by such factors as furnace tem- 
perature and the rate of flow and water content 
of the gases. The whiskers or fibres are sorted 
according to size and type and are then 
combined with aluminium, which binds them 
together and constitutes the body of the com- 
posite material. In a completely successful 
composite, nearly all the stress is borne by the 
whiskers. 

It should be appreciated that various 
problems are being contended with in fabricating 
the composite. Thus, a critical part of the 
research lies in establishing precise control of 
all the conditions present during growth of 
the whiskers and in making the final composite 
material. Also, difficulties have been experienced 
in achieving “wetting” or bonding of the 
whiskers to the aluminium body, and there is a 
tendency for pores to appear in the body. 
Different methods of combining the whiskers 
with a metal body are also being explored, 
including impregnating molten metal with a 
pack of whiskers under a vacuum, and mixing 
whiskers with powdered metal, the mix then 
being heated until the metal becomes molten. 


From General Electric Co., U.S.A., 
May 1961. 
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Improving the Accuracy of Transformer-Noise 
Tests in the Field 


From Power Apparatus and Systems (A.1.E.E.), U.S.A., No. 53, April 1961, pp. 1-3. 


SOUND-LEVEL measurements may be made on a trans- 
former either to determine its conformity with standards 
and design values, or to ascertain the effect of a trans- 
former installation on the neighbourhood. The first 
consideration is usually of concern to the manufacturer, 
while the second is of great importance to users. In this 
A.1.E.E. Committee report, the factors causing errors in 
sound-level measurements, with particular reference to 
transformers, are discussed, and precautions to ensure 
greater accuracy are suggested. 

Much improvement has been made in the reliability 
and stability of sound-level measuring equipment in 
recent years and, with reasonable care, consistent 
measurements within +1 dB of the correct value are 
possible. Factors which may be sources of inaccuracy 
and therefore must be considered are temperature 
variations, humidity, cable length and characteristics, 
and over-all frequency response. 

It has been found that the circuitry of a good sound- 
level meter is practically unaffected by a variation in 
ambient temperature between 20 and 90 F, which will 
cover most field conditions. However, the crystal 
microphone, usually considered standard equipment on 
commercially available meters, is somewhat susceptible 
to temperature changes, which affect the dielectric 
constant of the crystal, and the readings should be 
checked with an acoustic calibrator. The error in the 
microphone alone is of the order of 3 dB for a temperature 
variation between 20 and 75 F. Also, the crystal may be 
damaged by temperatures above about 110 F. 

The length of the cable between a crystal microphone 
and the meter has a rather serious effect on the indication, 
because of changes in the ratio of microphone to cable 
capacities, and the resulting change in the division of 
voltages with temperature changes. The error approxi- 
mates 4 dB for a 25-ft cable over the 20 to 75 F range, 
and is additional to the microphone error. This is a 
condition which must be properly accounted for in 
practically every sound-level measurement. 

A crystal microphone is also quite susceptible to high 
humidity. A humidity of 85°, or higher will result in 
the gradual destruction of the crystal as the surface 
dissolves and high surface leakage occurs. This condition 
reduces the microphone’s response, especially at the 
lower frequencies, because a frequency-sensitive resist- 
ance-capacitance network is formed. Meters, calibrators, 
cables, and other types of microphones are much less 
affected by humidity. 

The crystal microphone has greater sensitivity than 
either the condenser or magnetic type. For this reason, 
it can be used without a pre-amplifier in most sound-level 
SULT, 
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measurements and is therefore preferred by many users 

The magnetic microphone is not recommended 
because it is susceptible to stray magnetic fields which 
may be found around any electric equipment, and it does 
not have sufficient advantages to offset this disadvantage 

The crystal microphone will not tolerate as high a 
temperature or humidity as will the condenser type, but 
this limitation is no problem if proper care is taken in 
using the instrument. For example, prolonged exposure 
in a closed compartment of an automobile on a hot, 
sunny day should be avoided. Also, the microphone 
should be protected from rain. 

The response of a crystal microphone is more 
affected by temperature variations than is a condenser or 
magnetic microphone. High temperature will cause the 
crystal to become dehydrated, thus causing permanent 
damage. When the crystal type is used, correction 
factors must be applied to the readings. A reliable 
calibrator is a convenient means of determining the 
correction factor. 

The condenser microphone has a better frequency 
response than the crystal type at the higher frequencies, 
i.e., above 2000 cps. This deficiency of the crystal type is 
probably of little importance for sound-level measure- 
ments on transformers, but, where it is a consideration, it 
may be compensated for by use of correction data or by 
checking with a calibrator during the test. A disadvantage 
of many condenser microphones suitable for portable 
operation is their lack of sensitivity at levels below 
approximately 50 dB. Also, they are quite expensive, 
many of them costing as much as a sound-level meter 
alone. 


External Influences 


The sound level resulting from any transformer 
installation includes not only the transformer sound, but 
also that of the ambient, both of which may undergo 
changes caused by reflections from nearby surfaces. 

Wind blowing into or across a microphone during a 
test, physical vibration of the meter resting on a vibrating 
support, or the use of a magnetic microphone in the 
vicinity of current-carrying conductors may cause 
actual errors in measurement; consequently, all such 
conditions should be avoided. The presence of adjacent 
reflecting or absorbing surfaces and the ambient sound 
level are real factors in the total sound level at a given 
location. The effect of these last two factors, however, 
must be reduced as far as possible when sound-level 
measurements are being made to determine the con- 
formity of a transformer with standards or a guarantee. 

An anechoic chamber is desirable when sound data 
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on a transformer alone are wanted but, if these are not 
available, the test should be made at a location where a 
minimum of near-by reflecting surfaces and other dis- 
turbing elements exists. The influence of near-by 
surfaces can be detected by searching for standing waves 
by moving the microphone along a radial line from the 
source and watching for alternate maximum and 
minimum readings. Standing waves are created by 
alternate reinforcement and cancellation between the 
direct sound wave and reflected waves at different 
distances from the source, and are countered either by 
the use of sound-absorbing surfaces or by complete 
removal of reflecting surfaces. If the microphone is held 
by hand, reflections from the holder’s body can be 
minimized by seeking and maintaining its best position. 

When measurements are made merely to determine 
the effect on the neighbourhood, the only external 
influences that need be minimized are those which cause 
false readings, such as wind blowing onto the microphone 
and vibration of the meter. Since reflecting and absorb- 
ing surfaces and ambient sound are all part of normal 
conditions, measurements would be made with these 
factors as they exist. In most instances, however, it is 
desirable to measure the ambient sound with the equip- 
ment non-operative, in order to learn what contribution 
the equipment is making to the total sound level. 

When the presence of standing waves is detected, a 
search for the maximum values should be conducted. 
This is easily effected by moving the microphone in the 
vicinity of a known high point. If a new maximum is 
discovered, a similar search sould be made around this 
point, and continued until the highest sound-level 
reading is found. Data of this kind will be valuable in 


studying the effect of reflecting surfaces and also in 
analysing noise complaints by the public and anticipating 


possible future complaints. 

If variations in the ambient or apparatus noise 
prevent the meter pointer from remaining steady when 
making a measurement, the average reading of the meter 
should be used, disregarding extra-high swings resulting 
from obvious extraneous noise. However, when the 
transformer sound is measured in the presence of very 
high and variable ambient sound levels, the lowest reading 
of the sound-level meter might be used and no correction 
made for the ambient. Tests under this condition 
should be subject to an aural judgement on the part of the 
person making the tests that the transformer sound is the 
principal sound at the time the meter is read. It is 
preferable that the test be delayed to a more suitable time 
when the ambient sound is lower; tests under high 
ambient conditions can be considered only as approxima- 
tions. However, the error will not be excessive. Trans- 
former sound usually must be more than 10 dB quieter 
than the ambient to be inaudible; consequently, if it is 
plainly audible, it probably is not more than 5 dB below 
the ambient. 

One method of averaging the sound-meter readings 
electrically is to use a resistance-capacitance circuit. A 
rather large capacitor is connected in parallel with the 
meter element. The capacitor charges on increasing 
meter voltage and discharges on decreasing voltage, thus 
smoothing the variations. Some meters have provision 
for inserting or removing this capacitor from the circuit 
by means of a “‘slow/fast’’ switch. 


Recommended Precautions 
Since sound-measuring equipment is extremely 
delicate and its use quite specialized, having it transported 
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and used only by trained and qualified personnel has 
proved rewarding. Ensuring that the equipment is 
calibrated only by those who use it is also advisable, 
since they are presumably most familiar with its limita- 
tions and are responsible for the results obtained. 

The calibration adjustment on some meters changes 
not only the amplifier’s gain but also frequency response, 
so that, if such an adjustment must be made during a 
series of readings because of altered temperature or for 
other reasons, the change should not be more than +2 
dB for best results. If greater correction is required, it 
should be accomplished by applying a correction factor 
to the noise-meter readings, rather than by calibration 
adjustment. 

The calibration of a sound-level meter should be 
checked before and after every series of tests, using an 
acoustic-type calibrator that covers the complete range 
of sounds to be measured. If tests are prolonged, the 
calibration and a few readings should be rechecked 
occasionally to detect errors when, or soon after, they occur 
and thus guard against the taking of erroneous readings. 

If the sound-level meter uses vacuum tubes, the tubes 
may become microphonic and thereby increase the 
indication of the meter. Substitution of a dummy 
shielded microphone, or a capacitor of equal capacitance, 
for the crystal microphone will permit observation of the 
amplifier-noise characteristics at any gain setting on the 
meter. The amplifier noise arising from microphonics or 
tube noise should not exceed 25 dB. 

Portable sound-level meter calibrators and transisto- 
rized oscillators are available for use in the field, and they 
are little affected by variations in temperature and 
humidity. These instruments are recommended for 
inclusion with the sound-measuring equipment, par- 
ticularly for use in the field, as they facilitate compensa- 
tion for errors caused by the cable and by the effect of 
temperature on the microphone 

Making field measurements of the various frequency 
components of a sound may be laborious, time-consum- 
ing, and somewhat unreliable because of differences in 
the ambient sound level at different times, as well as 
changes in the response characteristics of the measuring 
equipment. Some improvement in this direction has 
been obtained by the use of octave-band filters, and by 
filters tuned only to multiples of 120 cycles when trans- 
formers are being tested. If, in addition to being tuned to 
multiples of 120 cycles, the filters have a band-pass 
width of about 20 cycles, a transformer noise-level test 
may be made with reasonable accuracy, even if the trans- 
former noise level is as much as 10 dB below the ambient. 

Tapes have been used to record sound-level tests in the 
field, and the output of a calibrator may be recorded on 
the same tape, together with oral identification of various 
sounds. In the laboratory, the records are analysed by 
one of several methods, depending on the end use of the 
data and the equipment available. Accuracy can be 
checked by noting the reading of the sound-level meter 
when the sample of sound is recorded and then comparing 
it with the sound level of the playback signal. 

Several problems have been noted in the use of tape- 
recorders. Thus, different kinds of tape have different 
reproduction characteristics, while many popular-priced 
recorders will not give consistent results because of slight 
variations in tape speed and changes in electrical charac- 
teristics. Recorders whose equalization characteristics are 
complementary are required for recording and playback 
in order to attain accurate analysis. If not comple- 

(Concluded on page 85) 
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* Long-Travel’’ Suspension Systems for Road Vehicles 


WHEN driving motor cars and other vehicles over roads 
with worn and uneven surfaces, speed is determined not 


so much by the power of the engine as by the quality of 


the suspension, because the driver must continuously 
watch for unevennesses ahead of the vehicle and reduce 
his speed to a point where accelerations in the oscillating 
bodywork become more or less bearable. In_ this 
connection, vertical accelerations when travelling over 
bad roads can reach from 10 to 15 m/sec? on the seats, 
and as much as 20 m/sec? on the body and 50 m/sec? on 
the chassis, causing passengers to tire rapidly and wear on 
the vehicle to be accelerated. 

Tests have been carried out in Russia by the All- 
Union Scientific Research Institute for Motor Vehicles 
and Engines (NAMI) on an experimental lorry fitted with 
an oleo-pneumatic suspension, whose parameters were 
substantially different from those normally employed. 
Thus, the static deflection d. was from 25 to 30 cm., i.e., 
from 3 to 4 times greater than is usual for lorries, while 
the wheel travel was from 30 to 35 cm, i.e., twice the nor- 
mal travel. Comparative tests on this experimental lorry 
and on a car fitted with a normal suspension showed 
that, over a section of unsurfaced road with deep ruts 
and bumps, the speed of the car was limited to 25 km/hr 
frequently reducing to 10 km/hr before encountering 
particularly deep ruts, whereas the experimental lorry 
was able to travel smoothly over the same road at a 
constant speed of 50 km/hr without any need for gear 
changes. 

Similar comparative tests were carried out over a 
short section of road with a badly broken-up shingle 
surface. These tests showed that the vertical acceleration 


on the seats in the cabin of the experimental lorry when 
travelling over this road amounted to from 3-7 to 62 


m/sec, and from 9-7 to 10-5 m/sec? in the case of the car 
under the same conditions. The experimental vehicle 
was able to traverse satisfactorily fairly deep potholes 
at speeds of from 20 to 40 km/hr, whereas the speed of 
the car was limited to 20 km/hr. The horizontal accelera- 
tions in the experimental vehicle were also smaller 
(approximately by a factor of 1-5) than in the case of the 
car. 

These experimental tests have shown that the 
change-over from a stiff suspension to a soft suspension, 
combined with double the travel of the suspension but 
without affecting load-carrying capacity, results in a 
qualitative change in the nature of the motion of a 
vehicle over an uneven road. Thus, while the driver of a 
car fitted with a conventional stiff suspension must watch 
the road ahead carefully and regulate his speed in 
accordance with the depth and length of unevennesses, 
the oleo-pneumatic system makes it possible for him to 
ignore these umevennesses at twice the speed. As 
distinct from suspensions having the normal parameters, 
this suspension can suitably be designated a “long-travel” 
suspension. 

A motor vehicle represents an oscillating system which 
is evaluated by its combined amplitude and frequency 
characteristics. An exciting force acts on the vehicle and 
is caused by unevennesses in the road surface which, on 
non-surfaced roads, are usually in the form of depressions 
(ruts and bumps) with a nearly sinusoidal profile, from 
1 to 4 m in length and from 15 to 20 cm (sometimes 
30cm) indepth. Table | compares the resonant speeds for 
different lengths of unevenness for a vehicle fitted with a 
SULLY, 
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By R. M. YELISEYE 


From Avtomobilnaya Promyshlennost, Russia, 
No. 4, 1961, 
pp. 19-22, 3 illustrations. 


stiff suspension (static deflection ds 6 cm, frequency 
f 2 cps) and soft suspension (d; 25 cm, f 1 cps). 
It can be seen from this table that, in the case of the stiff 
suspension, the resonant speed on all lengths of uneven- 
ness, except the shortest, lies within the normal range of 
road speeds. In resonance, the bodywork of the vehicle 
will tend to oscillate in such a way that its amplitude may 
be several times larger than the vertical dimensions of the 
unevennesses in the road and, under these conditions, will 
result in heavy impacts against the snubbers. In order to 
avoid resonant oscillation it is necessary to halve the 
speed or to increase it by from 3 to 4 times. In the 
first case, the body and wheels of the vehicle will follow 
the profile of the road, whereas in the second case the 
body will not have time to be displaced noticeably during 
the time of its passage over an unevenness and will be 
subjected to self-excited oscillations only after passing 
over the unevenness 


Taste t: RESONANT SPEEDS FOR DirreRe NT LENGTHS OF U NEVENNESS 
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As shown in Table I, the resonant speed with a soft 
suspension when passing over most unevennesses is 
lower than the normal range of road speeds. Con- 
sequently, in this case the body oscillations will mainly 
be excited by impact pulses arising when passing over 
unevennesses. The impact impulse P is given by 

P— \ enzn dt (1) 
where cy, is the stiffness of the suspension, z, is the 
deflection of the suspension when passing over an 
unevenness, and ¢ is time. 

This equation shows that, when changing to a soft 
suspension whose stiffness is one-quarter that of a stiff 
suspension, and when the speed of the car is doubled, 
the impact pulse created by the deformation of the 
springs is reduced by a factor of 8. An increase in the 
static deflection, assuming that the fairly small coefficient 
of resistance of the shock-absorbers remains unchanged, 
helps to increase the damping coefficient. Consequently, 
it is easy to design soft, long-travel suspensions which 
are aperiodic. Resonant speed is no impediment for 
such a suspension. The dynamic travel of the suspension 
to the snubbers should not be shorter than the depth of 
depressions (ruts) in the road whilst the dynamic travel 
in compression should not be less than the height of the 
bumps. Consequently, the total travel of the suspension 
should be from 35 to 40 cm to cater for unevennesses in 
bad roads. To preserve the dynamic energy capacity, 
the elastic characteristic of the suspension should be 
non-linear. These suspension characteristics can be 
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attained by employing controllable air springs or 
oleo-pneumatic suspension systems. 

In the development by NAMI of a long-travel car 
suspension, the greatest difficulty was found to be the 
creation of a good geometry for the suspension to permit 
a large wheel travel (35 to 40 cm), an inclination of 
15 deg. of each axle relative to the chassis, or of 30 deg, 
between the axles of a tandem-axle vehicle, and the 
provision of kinematically adequate stability and 
controllability. In addition, to satisfy all these require- 
ments, and in view of the large static deflection involved, 
there must also be an adequate angular stiffness to 
prevent dangerous rolling on curves. 
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Fig. 1. Four types of configuration of linkages used in pneumatic 
suspensions for lorries. 


The angular transverse stiffness of the conventional 
suspension using semi-elliptical springs is proportional 
to the vertical stiffness and the square of the transverse 
distance between the springs. Since, in air springs and 
oleo-pneumatic suspension systems, different lever 
arrangements for the transmission of the spring forces are 
possible, account must be taken in the stress analysis of 
the equivalent distance between the springs, i.e., the 
distance between the springs equivalent to a semi- 
elliptical spring suspension. When attempting to preserve 
the angular stiffness, it is necessary either to increase the 
equivalent distance between the springs when increasing 
the static deflection, or to fit an anti-roll bar. However, 
when the inclination of the axle is large, a stabilizer with 
a very high load capacity is required. 

An investigation was carried out into known con- 
figurations of linkages of pneumatic suspensions used in a 
number of non-Russian makes of lorry, the four main 
types of configuration being shown in Fig. 1. Configura- 
tions (a) and (4) provide for mounting air springs 
between the wheels. In these configurations, the 
distance between the springs is smail, resulting in an 
inadequate angular stiffness, particularly in heavy lorries 
and buses with double tyres having a wide tread and with 
large-diameter air springs. In configurations (c) and (d), 
the equivalent distance between the springs is slightly 
increased, owing to the wider spacing of the air springs; 
this, however, requires bulky and heavy metal structures 
which are not spring-supported and which reduce the 
ability of the vehicle to negotiate unevennesses, owing 
to the low position of the girders. 
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In configuration (c), the torque of the wheels is carried 
by longitudinal levers which operate on deflection and 
whose forward ends are pin-pointed to the chassis 
side-members, whilst the rear ends are attached to the 
axle through rubber blocks. The transverse angular 
stiffness is increased as a result of the stiffness of the 
inverted-U-shaped construction formed by the longitu- 
dinal levers and the axle. 

In configurations (a), (b), and (c), the transverse 
angular stiffness is determined only by the equivalent 
distance between the springs and the static deflection of 
the suspensions; for this reason a roll stabilizer is 
generally fitted, in addition to the air springs, in order to 
increase the transverse angular stiffness. It is possible to 
increase the transverse angular stiffness by using rubber 
bushes in the joints of the linkage, but this will provide 
varying and inadequate stiffness. In addition to these 
four configurations, others are used in which the function 
of the linkage is performed by conventional semi-elliptical 
springs, whilst air springs carry the additional variable 
load. 

NAMI have now developed two arrangements, 
as shown in Fig. 2, making it possible to create 
a_ long-travel suspension with a _ large equivalent 
distance between the springs. In the arrangement shown 
in Fig. 2a, the axle is linked with the chassis by means of 
a fork-shaped component attached rigidly to the axle 
and forming with it in the plan view a triangle whose 
base is the axle, and whose apex is pin-jointed to the 
chassis of the car. The air springs are so arranged 
between the axle and the pin-joint, outside the triangle, 
that lines drawn from the centre of the pin-joint through 
the centres of the air springs intersect the axle outside the 
base of the triangle, the distance between the points of 
their intersection C and D with the axle amounting to the 
equivalent distance between the springs. 
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Fig. 2. Two arrangements of long-travel suspensions with a 
large equivalent distance 8 between the springs. 


Fig. 2 shows that, in both arrangements, a very large 
equivalent distance is achieved between the springs. 
However, the arrangement in Fig. 2a has the disadvantage 
that oscillation of an axle rigidly attached to the fork 
creates a kinematic slewing of the wheels, which, on 
passing over deep unevennesses, may cause dynamic 
overloading of the transmission. In the arrangement in 
Fig. 2b, the triangle principle is also used with the 
fixing points of the springs arranged outside the triangle, 
but the fork-shaped component is pin-jointed to the axle. 
The torque on the wheels and the transverse forces are 
carried by pivoted arms. Dynamic overloads are sharply 
reduced, owing to the almost parallel displacement of the 
axle. 

To show the quantitative connection between the 
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equivalent distance between the springs and the maximum 
static deflection corresponding to the maximum permis- 
sible degree of roll, consider the following practical 
example of a rear suspension, in which the load G is 
3108 kg, the height H, of the centre of gravity of the 
spring-supported mass is 1:20 m, and the height Ax of the 
centre of roll is 0-60 m. The lever arm A of the transverse 


force is therefore 1-20 0-60 = 0-60 m. 

To start with, take the linkage configuration shown in 
Fig. 1b, in which the transverse distance B between the 
springs is 0-80 m. The angle of roll B is determined from 


B : (2) 
re eet < 
“(c/G)—h 
where c is the rolling stiffness and u is the specific lateral 
force. 
It is assumed that, with a specific lateral force z — 0-4, 
the angle of roll B should not exceed 7 deg. = 0-122 
radian. Consequently, the required rolling stiffness ¢ 


will be 
(uh 
ri G \ Bp h) = ‘ at (3) 
Substituting numerical values in eq. (3), it will be 
found that « = 8000 kgm/rad. 


Knowing the transverse distance B — 0-80 m between 
the springs, the stiffness c, of the suspension and the 
static deflection d. permissible for the roll conditions can 
be calculated as 


Cn = 500 kg/cm and ds = G/en = 62 cm 


It can therefore be seen that, for the conditions of 
iateral rolling in the configuration shown in Fig. 1b and 
in the absence of a stabilizer, it is not possible to permit a 
static deflection higher than 6-2 cm. If it is desired to use 
a softer suspension with this configuration, it will be 
necessary to fit a stabilizer, whose principal parameters 
can be determined as follows: 

If it is assumed that the desired static deflection ds 
is 30-5 cm, corresponding to a stiffness c,, of the suspension 
of 102 kg/cm 10,200 kg/m, then the rolling stiffness « 
of this configuration will be 1630 kgm/rad. It is therefore 
necessary to make up the required rolling stiffness by 
means of a roll-stabilizer bar having a stiffness c’ of 
8000 — 1630 = 6370 kgm/rad. If the maximum skewing 
angle of the axle relative to the chassis is 15 deg. = 0:262 
radian, a torsional strain energy L of (6370 0-262) /2 

834 kgm is required. With a specific strain-energy 
capacity for steel of 19-5 kgm/kg, the weight of active 
metal in the stabilizer bar will be 834/19-5 — 43 kg. 

In addition, when the distance between the shock- 
absorbers is small, the attenuation of transverse oscilla- 
tions will be inadequate; for this reason, very strong 
lateral oscillation of the bodywork may occur when 
driving over non-surfaced roads, whilst the angular 
stiffness of a lightly laden vehicle will be too large and 
will cause pronounced jolting when negotiating uneven- 
nesses under one wheel. 

For the purpose of comparison, consider the per- 
missable static deflection in the arrangement shown in 
Fig. 2b for the same vehicle. When designing the 
combined air and hydraulic suspension, the relevant 
dimensions were A 108 cm, m = 72 cm, n = 44 cm, 
and B = 177cm. The transmission ratio i is expressed as 


i= m/n = B/A 1:64 
The following relationship holds between the stiffness 


Cn Of the suspension and the stiffness cp of the oleo- 
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pneumatic strut: 
Cp i7Cn 


Consequently, the angular rolling stiffness c of the 
suspension is 


c A* Cp/4 A? i?¢n/4 B* cn /4 


It can therefore be seen that B, which is the equivalent 
distance between the springs, determines the angular 
stiffness corresponding to the stiffness c, of the 
suspension. 

The required angular stiffness of the laden vehicle was 
earlier determined from the conditions of rolling to be 
c 8000 kgm/rad. Substituting in the analysis the 
equivalent distance B between the springs, the stiffness 
Cn of the suspension of the laden vehicle is 


Cn = 4c/B® = 102 kg/cm 


This stiffness corresponds to a static deflection ds 
with a load G of 3108 kg 


ds G/en 30-5 cm 


Consequently, the arrangement shown in Fig. 2b 
makes it possible to create a very soft suspension with 
adequate resistance to rolling without the use of a 
stabilizer. If a pneumatic or oleo-pneumatic controllable 
suspension is used, then the 35 
static deflection remains con- 
stant with a variation in the 
load of the vehicle, whilst 30+ 
the transverse stiffness varies 
automatically in proportion 
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springs, for two different values 
of lever arm h. 


EQUIVALENT DISTANCE 
BETWEEN SPRINGS ,m 


If the shock-absorbers are made integral with the 
springs, e.g., in an oleo-pneumatic strut, a relatively large 
equivalent distance B between the springs is at the same 
time also a large equivalent distance between the shock- 
absorbers. For this reason, the cylinders of a combined 
air and hydraulic suspension, adjusted for optimum 
damping-out of the vertical oscillations of the spring- 
supported mass, will damp out toa particularly pronounced 
degree the transverse angular oscillations. Fig. 3 shows 
the theoretically predicted relation between the permis- 
sible static deflection and the equivalent distance B 
between the springs for two different values of lever arm 
h, assuming an angle of roll 6 of 7 deg. 

The configurations of the linkage developed by NAMI 
can be utilized in the design of long-travel pneumatic and 
combined oleo-pneumatic suspensions for vehicles having 
solid axles. As the arrangement shown in Fig. 2a is a 
simpler design, it can be used for the suspensions of 
trailers. 
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The Influence of Manufacturing Inaccuracies on the 
Characteristics of Centrifugal Pumps 


By A. Versa, A. Szano, and F. StvRTECZKY 


From Acta Technica Academiae Scientarum Hungaricae, 
Vol. 33, Nos. 1-2, 1961, 
pp. 53-58, 5 illustrations 


Part of a programme of research work carried out by the 
authors in connection with pumps involved the manu- 
facture of different impellers by means of a process in 
which the sheet-metal blades were bent to shape over 
suitable templates and were then brazed in position. 
During the course of this investigation, it was noted that 
the blades of one impeller were incorrectly positioned 
during brazing, and it was considered of interest to 
compare the performance of this impeller with that of a 
similar impeller made exactly to specifications 
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Fig. 1. Comparison of the geometry of impeller A (solid lines) 
and impeller B (dotted lines). 


These impellers, designated A and B for the good and 
defective specimens respectively, consisted of simple 
plane discs fitted with three blades of equal thickness 
(2 mm), the blades widths being b4 = 30-9 mm and bh; 

30:7 mm. The outlines of the two superimposed 
impellers are shown in Fig. 1, from which it is apparent 
that each blade of impeller B has turned around its own 
inlet edge, while inaccuracies at the outer edge are also 
noticeable. The result is an offset of the inlet edges of 
two of the blades of impeller B of 2:3 and 1 mm 
respectively from the inlet diameter The angular 
pitches on the inlet circle of impeller A are perfectly 
uniform, whereas they vary in the case of impeller B. 
The angular pitches on the outlet diameter of both 
impellers vary to a small extent. 

Measurements were made of the performance of both 
impellers at different speeds, the results being plotted 
in Fig. 2, in which the solid curves refer to impeller A and 
the dotted curves to impeller B. The suction head in all 
cases was I metre. It will be noticed from Fig. 2 that there 
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is no apparent difference in the performance of the two 
impellers at the two lowest speeds; at all other speeds, 
with the exception of 2100 rpm, the points of separation 
of the two impellers lie along a smooth curve. 

The parabola, drawn in Fig. 2 through the point of 
separation of the two impellers at 2000 rpm, indicates the 
points of the characteristic curves belonging to similar 
velocity triangles, in terms of the dimensionless charac- 
teristic w= 2gH/u2*. The curve connecting the 
separation points show that the higher is the speed, the 
lower will be the value of the cavitation constant o 
belonging to the point of separation. While it must be 
appreciated that the precise point of separation can be 
determined only subjectively, it would appear that any 
error should not be appreciable, provided that measure- 
ments are made at points sufficiently close together. 

The drop in the curves for impeller B in Fig. 2, as well 
as the shift in the separation points at different speeds, 
seems to indicate that separation is caused by the fact 
that cavitation commences earlier in the case of impeller 
B, as a result of the change in the inlet angle of blades 
(1) and (2) of this impeller, as shown in Fig. 1. This 
change is most pronounced in blade (1), and, as a result, 
cavitation seems to take place mainly along this blade. 
This supposition is also supported by the not very 
out-spoken character of the breakdown, which can be 
explained by the fact that cavitation bubbles throttle 
only one blade channel. 
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Fig. 2. Characteristics of impeller A (solid lines) and impeller 
B (dotted lines) at different speeds, the circles indicating the 
points at which the curves begin to separate. 

This investigation definitely shows that even small 
inaccuracies in the positioning of blades of an impeller 
can give rise to a noticeable increase in the required nett 
positive suction head, and it is therefore stressed that 
it is of the greatest importance that strict accuracy in 
manufacture is essential, particularly in the vicinity of 
the inlet edge. 
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The Effects of Nuclear Radiation on Rubber 


GAMMA rays and fast neutrons, with which this discussion 
is primarily concerned, are two highly penetrating 
ionizing radiations that distribute energy quite uniformly 
throughout a polymeric material. As a result, they 
induce in rubbers and plastics progressive chemical and 
physical changes which are proportional in magnitude 
to the total amount of energy transferred to the polymer. 
As in the case of other forms of energy affecting high 
polymers, the associated environmental conditions 
influence the nett changes. 

In the case of organic high polymers, nuclear irradia- 
tion causes two primary basic effects, i.e., ionization 
(which results from the ejection of an electron from a 
molecule) and excitation (which can arise either from 
direct energizing of the neutral molecule or from the 
combination of a positively charged polymer molecule 
with an electron, in either case the interaction producing 
an excited molecule). In the usual energy ranges, only 
neutrons cause transmutations of atoms, which may 
form radionuclides in the third primary process. How- 
ever, this discussion neglects transmutation because, in 
general, its results are insignificant compared with the 
changes induced by the first two processes. 

A variety of secondary reactions ensues from the 
primary processes, i.e., crosslinking, chain or bond 
scission, molecular rearrangement (both saturation and 
unsaturation), and the formation of by-products. 

Several mechanisms have been proposed for radiation- 
induced crosslinking, including free-radical transfer or 
combination, hydrogen abstraction, and ion-molecule 
reaction. In free-radical crosslinking, two adjacent free 
radicals on separate polymer molecular segments are 
considered to unite to form an electron pair or covalent 
bond crosslink. The two free radicals may be adjacent 
when first formed or, it is postulated, may become 
adjacent as a result of the migration of one or both 
radicals along the macromolecular chain or chains. It is 
also possible that a free radical may transfer from one 
polymer chain to another. Hydrogen abstraction 
signifies that an excited hydrogen atom on one polymer 
molecule abstracts a hydrogen atom from a nearby 
polymer molecule. The result is the formation of a 
chemical crosslink with the evolution of a hydrogen 
molecule. In the case of the ion molecule, it is postulated 
that an ionized polymer molecule in a highly energetic 
state approaches another polymer molecule, transfers its 
ionic charge to the latter polymer, forms a crosslink to 
this second chain, and produces a new ion—perhaps a 
proton. There are schools of thought supporting each of 
the three postulated mechanisms, and, indeed, it is likely 
that more than one can apply, depending on the polymer 
system and environment. Unsaturation may thus be 
considered a special type of hydrogen abstraction in 
which the adjacent atoms are on the same polymer chain. 
When they are removed, an ethylenic double bond 
results. 

Chain scission results from breaking a bond in a main 
chain of a polymer, rather than in a side group. When 
radiation highly energizes a polymer molecule, any steric 
strain or stretching or bending force will promote 
permanent chain scission. Temporary chain scissions 
appear to be from 10 to 100 times as numerous as 
permanent scissions in unstressed polymers. In other 
words, the great majority of chains broken by irradiation 
reunite or “heal” before the ends can move apart. An 
SULT, 
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From Materials Research & Standards (ASTM), U.S.A.., 
Vol. 1, No. 4, April 1961, 
pp. 280-286, 13 illustrations. 


alternative possible consequence of chain scission is 
endlinking, which is the trifunctional combination of a 
free radical at one of the ruptured molecular ends with 
a free radical along the length of a polymer chain. 

Other molecular rearrangements also occur to a 
relatively small, yet significant, extent during irradiation, 
and may comprise numerous types. Two examples are 
branching and the opening of the benzene rings of 
polystyrene after very large radiation doses. 

As an auxiliary point, fragments of low molecular 
weight can break away and become stabilized. For 
example, polyhydrocarbons yield hydrogen, methane, 
ethane, and perhaps propane and even larger molecules 
during irradiation. These constitute by-products, which 
may prove undesirable in some cases. 

The distinctions between beneficial and detrimental 
effects of radiation are differences in kind in some cases, 
but in degree in all cases. To clarify the matter, these 
categories are reviewed separately. 


Beneficial Effects of Radiation on Rubbers 

Of the beneficial effects exercised by nuclear radiation, 
four have been selected for discussion, these being 
polymerization, graft polymerization, vulcanization, and 
post-vulcanization. 


Polymerization 


High-energy irradiation generally polymerizes vinyl- 
type monomers but does not cause condensation-type 
polymerizations; for example, isoprene and isobutylene 
can be polymerized by irradiation. Radiation poly- 
merizations proceed mainly by free-radical mechanisms, 
at least at room temperature and above. However, ionic 
polymerization can occur. Thus, polyisoprene produced 
by gamma irradiation at either room temperature or 

40°C has a structure which indicates predominantly 
free-radical polymerization accompanied by some ionic 
reaction. On the other hand, liquid isobutylene at 

78°C undergoes completely ionic polymerization. 
Although free radicals are formed, no free-radical 
polymerization is observed. The reaction probably 
proceeds by a cationic mechanism. 

Two distinctive aspects of radiation-induced poly- 
merization are that (1) the production of ions and free 
radicals is independent of temperature, and (2) no 
catalyst fragments or polymerization agents remain at 
the conclusion. In special cases these may be desirable 
advantages. However, in general, chemical induction 
is equally or more effective, cheaper, and technically 
simpler to-day than radiation induction. 


Graft Polymerization 


One of the most promising radiation applications to 
rubber is graft copolymerization, which involves the 
radiation-induced polymerization of a selected monomer 
onto an existing polymer. It may be accomplished 
either by first irradiating the dry polymer, preferably in a 
vacuum or in an inert gas, and subsequently immersing 
it in the monomer, or by irradiating the polymer while 
immersed in the monomer. In either case, free-radical 
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sites are produced on the polymer molecules, and 
monomer molecules form new polymer chains attached to 
the old. Such grafting produces a kind of armour about 
the original polymer molecules, and the resulting copoly- 
mer has some of the properties of each monopolymer. 
Consequently, many kinds of interesting and practical 
opportunities arise. Using a starting polymer having 
certain essential properties such as good stress-strain 
properties or heat resistance, its is possible to armour 
the base polymer with another polymer to meet additional 
environmental or service requirements. Among these 
may be mentioned improved chemical and solvent 
resistance, adhesion or tack, compatibility with other 
rubbers, stress-strain properties, abrasion resistance, 
electrical properties, impermeability to gases, or dye- 
ability or printability. 

Four factors can influence the efficiency of grafting, 
i.e., (1) temperature, as it defines the reaction rates and 
the solubility or degree of swell of the polymer in the 
monomer, (2) the radiation dose rate, (3) the diffusion rate 
of monomer into the polymer, which is dependent on 
thickness and (4) variation of the solubility of the mono- 
mer in the polymer with the degree of grafting, which 
changes the radiation sensitivity of the derived structure. 
Vulcanization 

Crosslinking is one of the principal and most im- 
portant radiation effects in rubber. In the case of uncured 
or undercured rubber polymers or compounds, radiation- 
induced crosslinking results in vulcanization. Nearly all 
elastomers undergo such vulcanization, two common 
exceptions being polyisobutylene, or butyl rubber, and 
the organic polysulphide elastomers, which undergo 
predominantly chain scission during irradiation. 

In order to make radiation vulcanization economical, 
the radiation dose necessary to produce the optimum 
degree of crosslinking must be reduced by a factor of 10. 
Both heat and certain chemicals can accelerate radiation 
vulcanization, but the increase in rate is insufficient so 
far. On the other hand, radiation vulcanization has the 
advantages that cold vulcanization of moulded or 
extruded goods can be accomplished, that post-curing 
associated with reactions of residual curing agents at 
elevated temperatures does not occur, that uniform cures 
of thick items result which are difficult to obtain by 
conventional means, and that elastomers whose chemical 
cure is difficult or impossible at present may vulcanize 
during irradiation. 


Post-Vulcanization 


Post-vulcanization signifies additional crosslinking 
subsequent to the principal vulcanization of the rubber. 
Usually, this added cure is purposely localized at the 
surface or some other restricted part of the rubber 


product to improve service performance. Examples 
might well be the surface post-cure of styrene-butadiene 
rubber tyre-treads to improve abrasion resistance 
without deterioration of the tyre cord, or of go:-ball 
covers to improve resistance to cutting and scuffing and 
to increase rebound without harming the gum-rubber 
thread in the core. Accelerated electron radiation is 


generally used for applications such as these, because of 


the limited, controllable penetration of the radiation into 
the rubber product. Post-vulcanization also can be used 
to give a different shape to a rubber product. 


Detrimental Effects of Radiation on Rubber 
Since radiation constitutes a new environmental 
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ageing factor for rubber in nuclear applications, rubber 
scientists must determine the nature and extent of radia- 
tion damage under given conditions and must seek ways 
of increasing radiation resistance. 
Crosslinking versus Chain Scission 

Irradiation of rubbers simultaneously produces both 
chain scission and cross-linking in most, if not all, cases. 
This competition results in a nett effect in which one or 
the other molecular structural change usually pre- 
dominates, tending to produce a dynamic equilibrium 
state, as shown in Fig. 1, in which it can be seen that the 
percentage gel, a measure of the degree of crosslinking 
of an elastomer, apparently approaches an asymptotic 
value of 100°, with increasing radiation dose. 
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Fig. 1. Radiation-induced crosslinking in styrene-butadiene 
copolymers containing (1) 0°, styrene, (2) 30-7", styrene, (3) 
459°. styrene, and (4) 668°, styrene. 

Even if the number of bonds formed exactly equals 
the number broken during irradiation, it is probable 
that the new bonds would not be equivalent to the old. 
Thus, if the rubber is in an optimum state of cure when 
irradiation begins, any radiation-induced change in 
molecular structure is quite certain to be detrimental to 
the general physical properties. It is assumed in the 
following that the rubbers discussed are optimum-cured. 
Crosslinking 

Most elastomers predominantly undergo crosslinking, 
as opposed to chain scission. The nett tangible results are 
increased specific gravity, hardness, modulus, and degree 
of crosslinking; decreased tensile strength and ultimate 
elongation; and the eventual attainment of a rigid, glass- 
like state. 

Chain Scission 

Butyl rubber and polysulphide rubbers are among 
the few elastomers which suffer changes in their stress- 
strain properties as a result of nett chain scission. These 
materials show decreases in their tensile strength, 
modulus, ultimate elongation, hardness, specific gravity, 
and molecular weight, and eventually attain a semi-fluid 
or fluid state. 

Rubber under stress is subject to two types of severe 
progressive failure in conventional environments, 1.¢., 
stress relaxation during extension, and permanent set 
during compression. Both of these processes result from 
chain scission and are accelerated by irradiating the 
stressed rubber. In fact, they may well prove to be among 
the most critical forms of radiation damage in service. 
Crosslinking may also play a role in these processes, 
particularly in permanent set. 


Oxidation and Ozonization 


It is important to consider two other detrimental 
radiation effects in gaining a proper understanding of 
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general radiation damage, these being radiation-induced 
oxidation and ozonization, or ozone attack, of rubber. 
For examnle, a comparison of the radiation-induced 
continuous stress relaxation of natural-rubber gum 
vulcanizate in air and in oxygen-free nitrogen suggests 
that as much as half the chain scission under stress is due 
to radiation-accelerated attack by oxygen and ozone. 
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Fig. 2. Radiation resistance of (1) styrene-butadiene copoly- 
mers, and (2) mill-mixed and latex-mixed styrene-butadiene 
homopolymers. 

The later effects indicate the importance of both 
anti-oxidants and anti-ozonants in rubber vulcanizates for 
radiation service. It is also apparent that rubber in a 
vacuum, in an inert gas, or submerged in an inert fluid 
will undergo less deterioration than the same rubber 
irradiated in air to the same radiation dose. Also, the 
permeability of the rubber to oxygen affects gross 
radiation resistance in air. The oxygen initially dissolved 
in the rubber quickly reacts during irradiation and any 
further oxygen or ozone attack therefore depends on how 
fast oxygen can diffuse into the material. 

Inhibitors of Non-Oxidative Radiation Damage 

Since an appreciable part of radiation damage to 
rubber is apparently non-oxidative, it is important to 
consider means of inhibiting radiation effects besides 
using anti-oxidants and anti-ozonants. Chemical 
additives have been discovered for rubber which have 
specific abilities to inhibit either cross-linking or chain 
scission during irradiation. Furthermore, in the case of 
natural rubber, these inhibitors can be effective even 
when the rubber is evacuated and kept in a high vacuum 
(or completely flushed and kept in oxygen-free nitrogen). 
For example, N-cyclohexyl-N ’-phenyl-p-phenylenedia- 
mine reduces the rate of chain scission of the normally 
protected control stock to 45°, of the control value in 
nitrogen and 9% in air. Similarly, the addition of 5 parts 
per 100 of rubber of N,N’-dioctyl-p-phenylenediamine 
reduces the rate of crosslinking of the control stock to 
SULT, 
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46° of the control value in vacuum and 42°, in air. 
Also, the order of effectiveness of the inhibitors as 
anti-rads does not appear to correspond with that as 
anti-oxidants. They therefore appear to constitute a 
distinct group of radiation-protective agents. 

An alternative approach to mixing the inhibitor into 
the rubber compound, from which it may later be 
removed in various ways (leaching or melting and 
exuding), is to incorporate the protective group right 
into the polymer molecular structure itself. In this way, 
the radiation resistance becomes inherent in the elastomer. 
The protective groups in such polymer molecules are 
mainly aromatic structures, situated at various distances 
from reactive sites of the main chain. These groups 
appear to protect by absorbing the radiation energy 
selectively and dissipating it through resonance without 
critically changing the polymer structure. Fig. 2 illus- 
trates this point for the styrene-butadiene copolymer 
system. The intimate physical mixture of polystyrene 
with polybutadiene results simply in dilution of the 
polybutadiene and of the damage to the latter homopoly- 
mer, as indicated by the linear relationship between 
radiation dose and percentage gel, or degree of cross- 
linking. In comparison, the styrene repeating unit in the 
copolymer series with butadiene specifically inhibits 
crosslinking, as evidenced by the departure of the curve 
in Fig. 2 from a straight line. In addition to resonating 
structures, highly branched electropositive substituent 
groups, such as tertiary-butyl or neopentyl, appear to 
inhibit radiation effects. 


Typical Examples of Radiation Damage 

To examine the effects of large radiation-exposure 
doses on the physical properties of representative 
vulcanized-rubber compounds, tests have been carried 
out on a number of these materials, including carbon- 
black-reinforced vulcanizates of natural rubber, styrene- 
butadiene rubber, chloroprene rubber, and_nitrile- 
butadiene rubber. 

The nitrile rubber retained its tensil strength best, 
followed by styrene-butadiene rubber, natural rubber, 
and chloroprene rubber in order of decreasing resistance 
to radiation damage. Insofar as the rate of decrease in 
ultimate elongation with irradiation is concerned, 
natural rubber and styrene butadiene rubber were the 
most resistant, followed in descending order by nitrile- 
butadiene rubber and chloroprene. It should be noted 
that, unlike the other three rubbers, the chloroprene 
rubber suffered complete failure in both tensile strength 
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and ultimate elongation considerably below a total 
exposure of 100 megarads. Also, the deterioration rate 
was much greater early in the radiation exposure for 
ultimate elongation than for tensile strength for all 
rubbers except chloroprene. Thereafter, the rates were 
quite similar. 

The changes in 100°, modulus (i.e., rubber modulus 
at 100% elongation) showed that natural rubber had the 
best retention of the initial modulus, followed by styrene- 
butadiene rubber, nitrile-butadiene rubber, and chloro- 
prene rubber, the latter again failing early in the exposure 
period. The changes in the dynamic modulus closely 
paralleled those in the 100°, modulus, while the radiation- 
induced effect on abrasion rate ranked natural rubber 
as the best, followed very closely by styrene-butadiene 
rubber and chloroprene rubber, with nitrile-butadiene 
rubber the worst. However, the results showed that, if it 
were required to select a rubber for the best absolute 


abrasion rate after a 100-megarad exposure, it would 
probably be more advantageous to select the styrene- 
butadiene rubber, which had a 30° increase in abrasion 
resistance, than the natural rubber with a 30°, decrease. 

Nett changes in compression set during irradiation as 
a function of gamma-radiation exposure dose for a 
nitrile-butadiene rubber are shown in Fig. 3, together 
with the changes in compression set for unirradiated 
rubber of the same type as a function of compression 
time. The curves have been corrected for conventional 
compression set during the testing period and so represent 
the nett permanent set due to irradiation alone during the 
exposure. When certain anti-rads are added to the 
rubber compounds, radiation resistance increases 
considerably, as shown by curve (1) in Fig. 3. The 
nitrile-butadiene and acrylate-butadiene rubber com- 
pounds have shown the greatest amount of protection by 
anti-rads of all the rubbers so far tested 


An Electron-Microscopic Study of Friction and Wear 


As described in this article, the coefficients of friction of electroplated nickel, copper, and chromium 
against steel spheres have been measured and the tracks made by the spheres examined under an electron 
microscope. It was found that the damage due to broken welds varied as the calculated ratio of the 
welded area to the contact area, while plating conditions, mechanical properties, normal loads, and surface 


roughness did not significantly affect the coefficients of friction. 


On the basis of the observations made 


with the electron microscope, a relationship between roughness and work-hardening has been formulated. 


By R. Wei and R. A. PaQuiNn 


From Wear, The Netherlands, 
Vol. 4, No. 2, March/April 1961, 
pp. 123-136, 11 illustrations. 


IN recent years, considerable advances have been made 
in the understanding of the mechanism of friction and 
wear between metals. Largely as a result of the work of 
Bowden and his associates':*:3, it is now a generally 
accepted view that friction results mainly from the 
welding of asperities on the opposing moving surfaces, 
which subsequently have to be separated again. When 
the cohesive strength of one of the components of the 
friction couple is less than the strength of the weld, 
fracture occurs in the weaker component after separation, 
resulting in the removal of metal. The size of the welds 
has been estimated by Bowden and Rowe? to be about 
100 A in diameter, so that a microscopic study of friction 
requires the use of an electron microscope. While it is 
true that several investigators have carried out a few 
experiments in connection with wear in metals and have 
used an electron microscope in their examinations, no 
extensive investigations into the microstructural changes 
due to friction and wear have been reported. For this 
reason, the work described in this article was undertaken 

In this investigation, the surfaces studied were nickel, 
copper, and chromium, electroplated on electropolished 
copper sheet. The reasons for employing electro- 
deposited surfaces were that they do not require any 
pre-test preparation, e.g., polishing, which might cause 
distortions, and that they have characteristic micro- 
structures which facilitate recognition of the areas where 
friction contact is made. Also, it is possible to obtain 
surfaces with a variety of smoothnesses, grain sizes, and 
orientations, as well as different mechanical properties 
by adjusting plating conditions and electrolyte. 
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Using different plating conditions and bath composi- 
tions, a total of 41 deposits was studied, of which 21 
deposits were of nickel, 11 of copper, and 9 of chromium. 
Prior to friction testing, the microstructures of the 
surfaces of the deposits were examined under an electron 
microscope, replicas of ““Parlodion”’ (a specially purified 
cellulose nitrate) being made of all samples, using the 
technique described by Weil and Read*. In addition, 
carbon replicas of the copper deposits were examined, 
using the carbon-replica method suggested by Reimer’. 
Microhardness measurements were made on the cross- 
section of the deposits with a micro-hardness tester, 
using a Vickers indenter and a 50-gm load, the hardness 
values being taken as the average of at least five 
determinations in each case. 

In the friction-testing apparatus used, the specimen 
is firmly held by clamps, and a load at right-angles is 
applied by weights placed on a rider, which holds three 
hardened-steel balls, 64 mm in diameter, each ball 
being prevented from rotating by two set-screws. The 
horizontal load is applied by a displacement motor which 
turns a displacement screw and pulls on the rider, the 
horizontal force on the rider being measured with a 
transducer-dynamometer and recorded on a strip-chart. 
Prior to each test, the positions of the balls in the rider 
were changed so that the same areas were not used more 
than once. The entire machine was enclosed in a 
plastic box, through which dried nitrogen gas was 
allowed to flow at a pressure of 1-6 atm during the test. 

Both static and dynamic types of friction test were 
carried out. In the static tests, the displacement screw 
was moved at a speed of 0-04 cm/min, and the force 
required to initiate movement of the rider was used to 
calculate the static coefficient of friction. Tests were 
repeated until three consecutive readings within 5% were 
obtained, each reading being taken on a different area of 
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the specimen. In the dynamic tests, the displacement 
screw was moved at a speed of 1:2 cm/min, the force 
used to calculate the dynamic coefficient of friction being 
an average obtained by measuring with a planimeter the 
area under the load /time graph plotted on the strip-chart 
(this graph showed the well-known stick-slip pattern) 
and dividing this value by the time. The tracks made 
during the dynamic friction tests were examined under 
the electron microscope, using the same replica methods 
as those for studying the surfaces before testing. The 
tracks were also examined and photographed with 
an optical microscope. Both the static and dynamic 
tests were conducted with four different loads at right- 
angles to the specimen, i.e., 2-0, 2-5, 3-0, and 3-5 kg 
The coefficients of friction, i.e., the quotients of the 
horizontal and normal loads, varied with load, but only 
within the accuracy of the experiment. 

In the case of the nickel deposits, hardness values 
ranged from 209 to 530 kg/mm?, depending on plating 
conditions and bath compositions, while the static 
coefficients of friction varied between 0-105 and 0-235, 
and the dynamic coefficients of friction between 0-111 
and 0-290. The hardness values of the copper deposits 
ranged from 88 to 138 kg/mm, the static coefficients of 
friction from 0-169 to 0-184, and the dynamic coefficients 
of friction from 0-166 to 0-200. The hardness values of 
the chromium deposits varied between 667 and 1120 
kg/mm2, the static coefficients of friction between 
0-120 and 0-161, and the dynamic coefficients of friction 
between 0-120 and 0-305. 

It may be said that the material properties did not 
appreciably affect the coefficients of friction measured in 
these experiments, indicating that contamination was 
present and exerted a dominant influence. In the 
presence of contamination, which Bowden and Rowe® 
have shown cannot be eliminated, except by evaporating 
a layer off the surface, only a fraction of the contact 
area welded. As the objectives of this study could be 
attained without completely eliminating contamination, 
surface evaporation was not attempted. Such a decon- 
taminating technique would also have markedly changed 
the mechanical properties and microstructures of the 
test specimens. 

Most studies attempt to relate the friction properties 
to the hardness of the material. It is realized, of course, 
that the rate of work-hardening, the ductility, and the 
diffusion coefficients can also affect the friction properties. 
A relationship between hardness and the coefficients of 
friction can exist only if the ratio a of the welded area to 
the contact area remains constant. According to 
Machlin and Yankee®, the coefficient of friction u is 
related to the hardness H and the shear strength S by 
the equation 


p=a S/H (1) 
The assumption made by Rubenstein’ is that 

S=a-+ bH 3 i (2) 
where a and 4 are constants, so that 


u =a (a/H + b) og " (3) 


Consequently, a linear relationship between the 
coefficient of friction 1 and the reciprocal of hardness H 
can exist only if the ratio a of the welded area to the 
contact area is a constant. If the constants a and 6 in 
eq. (2) can be evaluated, the results obtained in this 
investigation can be used to calculate the value of a, 
which can then be compared with the results of examina- 
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Fig. 1. Electron micrograph of a negative ‘‘Parlodion”’ replica 
of nickel, showing a friction track with a calculated value of 
% 0°25. 


Fig. 2. Electron micrograph of a negative ‘‘Pariodion”’ replica 
of nickel, showing a friction track with a calculated value of 
x 


tions under the electron microscope. Unfortunately, 
data for evaluating these constants are very sparse 
Nevertheless, in the case of the nickel deposits, informa- 
tion on the shear and tensile strengths of three different 
types of nickel was available, making it possible to cal- 
culate the values of the constants a and b, and hence to 
relate tensile strength and hardnesses for these deposits 
and to find a relationship between hardness and shear 
strength from these data. The values of constant a, 
calculated in this way, was found to be 150 kg/mm2, 
while that of constant b was 0-1. The corresponding 
values of ratio a for the nickel specimens, as calculated 
from eq. (3), ranged from 0:25 to 0-43. 

From a comparison of the calculated values of ratio 
a with the results of electron-microscopic observations, 
it was noted that those specimens with the highest 
calculated values of a showed the greatest evidence of 
welding, as can be seen in Figs. 1 and 2, which show the 
friction tracks on the two nickel specimens with the 
extremes of calculated «— values of 0:25 and 0-43, 

The evidence of welding observed in the electron 
micrographs permits only a qualitative confirmation of 
friction theory as outlined previously. Since the nickel 
deposits were all much softer than the steel balls, welds 
between the two components of the friction couple 
which were subsequently broken resulted in fracture 
either at the original interface or at some distance from 
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it in the nickel deposit. The relative cohesive strengths 
of the weld and the nickel determines where fracture will 
occur, so that it is probable that some fracture occurred 
at the welded surface. Evidence of welds broken in this 
way would not be visible under the electron-microscope. 
Fracture which occurred in the nickel would result in 
pieces of nickel being removed, as seen in Fig. 2. If 
fracture occurs at some distance from the weld, it is 
probable that an exaggerated estimate of the welded area 
would result from viewing the electron micrographs. 

It was noteworthy that evidence of welding was most 
frequently observed in deep furrows, as illustrated in Fig. 3. 
The nickel has been work-hardened most heavily in a 
furrow, and consequently the fracture occurred below 
the work-hardened layer at some distance from the 
original surface. When fracture occurred in this way, 
the welds were most easily identified. 

Since no data were available to calculate the ratios 
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Fig. 3. Electron micrograph of a negative ‘“‘Parlodion”’ replica 
of nickel, showing welding in furrows. 
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for the copper and chromium deposits, these could not 
be examined in the same manner as the nickel plates. 
However, comparing the electron micrographs of the 
samples with approximately the same coefficients of 
friction, but of varying hardnesses, it was noted that, in 
general, the softer samples showed more evidence of 
welding. The appearance of the friction tracks of the 
copper deposits was very similar to that of the nickel 
plates. Again, the evidence of welding was most pro- 
nounced in the deep scratches. 

The greatest variation in the coefficient of friction 
was found in chromium deposits. Some deposits were as 
hard as or even harder than steel balls, which had a 
hardness of 840 kg/mm? when measured in the same way 
as the hardness of the electrodeposits. In these samples, 
no evidence of welding was seen electron-microscopically, 
and it therefore appears that the welds which formed 
fractured again at the original interface. Sampleswhichhad 
the largest dynamic coefficients of friction (0-236 to 0-305) 
showed pronounced evidence of welding. An electron 
micrograph of a chromium sample with a dynamic 
coefficient of friction of 0-305 is shown in Fig. 4. 

Varying the normal load did not noticeably effect the 
microstructures of the friction tracks. Since the co- 
efficients of friction were not found to vary with normal 
load, the fraction of the area which welded also remained 
the same. The area of contact increased proportionally 
to the normal load, as seen in Fig. 5, which shows 
photomicrographs of the friction tracks on copper speci- 
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Fig. 4. Electron micrograph of a negative ‘‘Parlodion”’ replica 
of a sample of chromium with a dynamic coefficient of friction 
of 0°305. 
mens under normal loads of 2:0 and 3-6 kg. The average 
width of the friction track was determined by measuring 
the contact area with a planimeter and dividing the result 
by the length of the track. Within the accuracy of such 
measurements there was a linear relationship between 
normal load and the square of the track width. Such a 
relationship can be shown to result if the track width is 

very small, compared with the diameter of the balls. 
As has been pointed out previously, the friction force 


Fig. 5. Photomicrographs of friction tracks on copper under 
normal loads of (top) 2°0 kg and (bottom) 3°5 kg. 
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Fig. 6. Electron micrograph of a negative ‘‘Parlodion” replica 
of nickel, showing heavy accumulation of debris. 


is mainly due to the shearing of the welds, as implied in 
eq. (1). There is, however, another component of the 
friction force, i.e., the ploughing term. As the balls 
move over the surface of the electroplated metals, they 
plough the protrusions and deposit the debris in the 
valleys. Some material can be seen smeared over the 
as-deposited surface in Fig. 6, in which cracks are 
observed in this layer, indicating considerable work- 
hardening. The equation for the component of the 
friction force Fp due to ploughing given by Bowden, 
Moore, and Tabor! is 


Fp = d8p/\2r es 7 pf aa (4) 


where d is the track width, p is the flow stress, and r is 
the radius of the ball. If it is assumed that the flow stress 
is the same as the yield strength obtained in a tensile 
test, the ploughing component turns out to be about 
0-1°% of the total friction force for the nickel deposits, 
and about 1% for the copper deposits. Since the tracks 
in the chromium deposits consisted, with one exception, 
of isolated, sheared-off protrusions, eq. (4) could not be 
used. In the chromium deposits, the balls penetrated the 
least, so that the friction force due to ploughing must 
have been very small. Even though the chromium plates 
also had the highest flow strength, the cube of the track 
width predominates in the equation. 

The results of the friction study also lead to some 
implications about wear. Wear of electrodeposited 
metals has been studied by several investigators, some of 
whom have found no good correlation between wear 
resistance and hardness. Considering the previous 
discussions of the friction properties, it becomes apparent 
why no direct relationship between wear and hardness 
exists. In this study of the friction properties of electro- 
deposited nickel, copper, and chromium, two forms of 
wear were observed. Fracturing the welds in such a way 
that metal from the weaker component of the friction 
couple remained attached to the stronger resulted in wear 
of the weaker. Ploughing of the protrusions and causing 
some of the debris to be removed was another form of 
wear. In the first type of wear, the factor which deter- 
mines whether some of the metal from the weaker com- 
ponent adheres to the stronger is, as pointed out before, 
the relative cohesive strength of the weaker metal and 
the weld, and not the absolute strength of the metal. 
Hardness is probably related to cohesive strength. 

The role of work-hardening appears to be a very 
important factor. As already noted, the heaviest wear 
occurred in deep furrows, where, as a result of work- 
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hardening, the strength of the metal is greatest at the 
surface and decreases with distance from it. Fracture 
therefore occurred somewhat below the surface, resulting 
in considerable removal of metal. 

The electron-microscopic examinations showed a 
pronounced effect of surface roughness on wear caused 
by the ploughing of the balls as they moved over the 
electroplated surface. As the ploughing contribution to 
the friction force was very small, no effect of roughness on 
friction was observed. On rougher surfaces, such as that 
shown in Fig. 6, there was much more accumulation 
of debris in the valleys than on smoother surfaces. The 
reason for this is believed to be two-fold. It has been 
found® that the hardness of electroplated metals is 
directly related to their roughness. It can easily be seen 
that the depth of the friction track is related to the 
hardness. The depth of the track is determined by how 
much the indenter, which for the friction tests was the 
ball, penetrates to support the normal load. This is also 
how hardness is measured. Consequently, the smoother 
surface, which was also the harder, had the shallower 
track, and less material accumulated in front of the balls. 
On a rough surface the protrusions had to be compressed 
considerably before the area under the balls was large 
enough to support the normal weight, resulting in more 
local accumulation of debris. As shown in Fig. 6, the 
debris is very heavily deformed and therefore very likely 
to break off, especially on repeated passes over it. It 
thus appears that surface roughness, at least in the case 
where contamination is present, has a much greater 
effect on wear than on the friction properties. 
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Improving the Accuracy of 
Transformer-Noise Tests in the 


Field 


(Concluded from page 74) 


mentary, each recorder will need to be calibrated over 
the range of frequencies to be recorded. Also, recorder 
heads must be properly aligned and the recording bias 
properly adjusted to avoid serious distortion. 

Optimum results are achieved with fast tape speeds, 
usually 15 ips. The best recorder available is especially 
imperative when delayed, rather than immediate, 
analyses are to be made of sound-level recordings. The 
microphones supplied with some recorders do not 
possess a suitable frequency characteristic. Acceptable 
microphones should have sensitivity, frequency response, 
reliability, and directivity characteristics at least as good 
as those on sound-level meters, and preferably better. 
Only one type of tape should be used to ensure 
consistency. 
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Heat Transfer in Diesel Engines with and without 
Pressure-Charging 


By W. PFLAUM 
From MTZ, Germany, 
Vol. 22, No. 3, March 1961, 
pp. 70-74, 8 illustrations. 


ASSESSMENTS of temperature distribution and heat flux 
are of considerable importance for the development of 
new diesel engines, and for improvements in existing 
engines, particularly when pressure-charging is used to 
obtain higher outputs. The heat transferred from the 
gas to the combustion-chamber walls determines, in 
conjunction with the cooling arrangements, the tempera- 
ture level of the wall surfaces and the temperature 
gradient in the walls. The temperature level is a major 
factor in such questions as lubrication, wear, piston 
clearance, piston-ring scuffing, etc., while the temperature 
gradient causes thermal stresses which are added to 
those due to mechanical loads. 

The thermal loading of an engine can be represented 
by the mean value of the heat flow Q», to the walls during 
a working cycle, and can be expressed as Qm On 

Op + Qt, i.e., as the sum of the heat flows of the 
cylinder head, the piston, and the liner, where 


Qu An to | he (Te Tn) dt 


Op 4p to \ he (Te 


Tp) dt 


QO. 1 /to\ he Ax (To T,) dt) 


the integrals being taken from time ¢ 
the working cycle f = to. In these equations, Ae is the 
heat-transfer coefficient from the gas to the wall, Tc is 
the gas temperature, and Ay, Ap, and A, are the surface 
areas of the cylinder head, piston, and liner, with 
respective wall-surface temperatures 7, Tp, and Tx. 
For the cylinder-head flame plate and the piston 
crown, the exposed surface areas have constant values. 
Furthermore, 7 and 7p are constant mean temperatures 
for these two surfaces, derived from thermocouple 
measurements at a given bmep; thus, the only two 
variables are he and T;;. The gas temperature 7; is 


obtained from the pressure crank-angle diagram, or the 
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pV diagram, and the equation of state for ideal gases. 
Dissociation, which causes a lowering of gas temperature, 
can also be taken into account, if necessary, with the aid 
of an enthalpy /entropy diagram’. 

The exposed surface area of the liner varies with 
piston displacement. 7, is the corresponding mean 
temperature of the exposed surface and can be deter- 
mined from the thermocouple measurements along the 
liner. When calculating Q:, from eq. (1), therefore, the 
quantities hg, Ar, T; and T;, must all be functions of 
time f. 

Usually, however, the wall temperatures are not 
known, so that eq. (1) cannot be evaluated. However, 
T«¢ can be calculated, and the temperature 7c of the 
cooling medium is known or can be determined from 
operating conditions. In such cases, the mean heat flow 
can be calculated by means of the relation 


Om = heqAeq (Ta Te) sa (2) 


where Acq = equivalent surface, and he, 
heat-transfer coefficient. 
able from 


1 /Aeqheq = (1 


equivalent 
The product hegAeg is obtain- 


1Vihe) + (Su/kAm) + (/heAc) (3) 


where A; = inner surface of the wall in contact with the 
gas, Am = mean surface of wall, s wall thickness, 
k thermal conductivity, A outer surface of the wall 
in contact with the coolant, and h heat-transfer 
coefficient from the outer surface to the cooling medium. 

The heat-transfer coefficient A-, under steady-state 
turbulent flow conditions, can be calculated with a fair 
degree of reliability, even without experimental data, 
from relationships based on similarity considerations?. 
Moreover, as the values considered in this connection are 
5 to 20 times larger than those pertaining to the surface 
in contact with the gas, it is more important to determine 
the value of he. 

The gas-to-metal heat-transfer coefficient has also 
been evaluated from similarity relations, and the resulting 
expression is 


he = 0-040 [(wepp)® k/D)}' (4) 


where gas velocity, cp» — specific heat at constant 
pressure, p = gas density, A — thermal conductivity, 
and D = a typical geometrical dimension*®. However, 
the above equation is based on steady-state 
conditions in the combustion chamber, and such 
conditions do not obtain in diesel engines. 

In spite of these difficulties, attempts have been 
made to express /¢ as a function of three variables, 
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Fig. 1. Wall temperatures of the cylinder liner for 

various operating conditions. 

Curve (1): Local wall cemperature T,; as a function of distance 
y along the liner for the conditions pz 2:5 atm 
abs. and A = 2-17 at 500 rpm 

Curve (2): Mean instantaneous temperature 7.» for the moment- 
arily exposed surface area as a function of crank 
angle 3, for the conditions px — 2:5 atm abs. and A 

2:17 at 500 rpm. 

Curves (3): Mean temperature values Tim’ for the entire liner 
surface during one engine cycle as functions of 
air/fuel ratio A for various boost pressures pz. 
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i.e., gas pressure p[kg /cm*], temperature 7;,[ K], andmean 
piston speed cm [m/sec], taking advantage of the fact 
that generally the “material constants” of the gas 
(composition, thermal conductivity, specific heat, etc.) 
remain substantially unchanged, even though they vary 
as functions of load and crank angle. Thus, on the basis 
of calorimeter bomb tests and comparisons with results 
for motor-driven engines, Nusselt proposed the expression 


0-99(1 -+- 1:24cm)(_p?T)! 3 [kcal/m*h°C] 
(5) 


he(xuss) 


Subsequently, after making extensive temperature 
surveys on various engines, Eichelberg proposed the 
relation 


he nich) = 2:1 (em)! 3 (pT)! [keal/m*h°C] (6) 


Although Nusselt stated that eq. (5) was limited to the 
heat transfer occurring during the compression and 
expansion strokes, in practice it is necessary to take 
account of the entire working cycle. 

The above equations have been found to be applicable 
to naturally aspirated engines of the usual type. With 
pressure-charging, however, it should be noted that, 
although the cycle remains approximately in the same 
temperature range, the peak pressures are doubled (up 
to 140 atm) and the bmep values are more than three 
times greater (from 6 to about 20 atm or even higher). 
It was thus found in the evaluation of tests on a highly 
pressure-charged M.A.N. engine, carried out by Eichel- 
berg and the author‘, that the equation for heat transfer 
gave a general idea of trends, without, however, providing 
correct numerical values. As the objectives of these 
tests were in quite different directions, it was not possible 
to clarify the causes of the discrepancies. 

Another series of tests was carried out with an existing 
Daimler Benz horizontal prechamber engine (bore 150 
mm, stroke 190 mm, normal running speed 500 rpm) 
which seemed sturdy enough to withstand combustion 
pressures up to 130 atm without structural modifications. 
The speed of this engine could be raised to 1000 rpm after 
certain modifications. An external system was used to 
supply the boost pressure, so as to permit any desired 
operating conditions to be obtained. Preliminary tests 
were made to determine optimum injection timing and 
to obtain good combustion conditions. The pressure 
pick-ups developed for these tests were of the strain- 
gauge type and gave fully satisfactory results. Pressure 
diagrams from the prechamber, the main chamber, and 
the fuel pipe, as well as needle lift diagrams of the injector 
were recorded. Special calibrating rigs were developed, 
where necessary, to ensure reproducible results and to 
determine the zero positions with the utmost accuracy. 

Oscilloscope readings were taken of pressure /crank- 
angle and pressure/volume diagrams, using a specially 
developed piston-displacement pick-up. Beam-suppres- 
sor pulses from toothed discs, with either 10 deg. or 
30-deg. crank-angle spacings, were used to take account 
of any diagram distortions due to torsional vibrations, 
so that the diagrams appeared in the form of broken 
lines. The tests covered a range of boost pressures from 
1-0 atm abs. (naturally aspirated) to 2:5 atm abs., with 
various air/fuel ratios. 

Thermocouples were provided at 21 measuring 
positions in the cylinder head, piston crown, and liner; 
also, four additional thermocouples were fitted into the 
outer surfaces of the engine to verify the heat balance. 
Altogether, 34 temperatures were indicated, including 
cooling-water temperatures at inlet, at the intermediate 
SULT, 
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passage to the head, and at the outlet, exhaust gas 
temperature, charging-air temperature, etc. Moving 
contacts were used to establish piston temperatures, 
calibration tests on a rig showing that a contact period of 
45 deg. crank angle was sufficient for reliable indications. 

As an example, Fig. 1 shows the wall temperatures 
of the cylinder liner for various operating conditions. 
The diagram gives the temperature distribution 7, as a 
function of distance y [mm] along the liner (vy = 0 at the 
top end of the liner), the mean instantaneous temperature 
Tim for the momentarily exposed surface area as a 
function of crank angle B, and the mean temperature of 
the entire liner, averaged over one working cycle, as a 
function of the air/fuel ratio A, i.e., of the load at constant 
boost pressure. Plots of all the variables against air/fuel 
ratio were found very useful as a means of revealing and 
eliminating any spurious points which became clearly 
noticeable in this manner, thus increasing the reliability 
of the measured results. 
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Fig. 2. Gas temperature T.; and wall temperatures of the 

cylinder head T,,, of the piston crown Tp, and of the liner T.» 

during one working cycle, with an imep of 19 atm abs., a boost 

pressure of 2:5 atm abs., an air/fuel ratio of 2:17, and an engine 
speed of 500 rpm. 

The temperature variations at the cylinder liner 
occurring during one cycle are shown in Fig. 2. Whereas 
the cylinder-head and piston-crown temperatures, Ty 
and 7p, can be regarded as constants, the mean liner 
temperature Tim varies (see Fig. 1). The fluctuations of 
Tim are of the order of 80°C, or only about 1/20 of the 
peak amplitude of the gas temperature T;¢ (also shown 
in Fig. 2), but these fluctuations are important for the 
suction and compression strokes, and for the end of the 
exhaust stroke. 

The mean heat flow Qm [kcal/h] calculated by means 
of eq. (1) should agree with the heat flow based on 
measurements of cooling-water flow rate and tempera- 
ture, if eq. (6) is applicable. The measured heat flow has, 
of course, to be reduced to the value that is solely due to 
the direct heat transfer from the gas to the particular wall 
surface considered. Such a comparison shows that 
calculated and measured values are in good agreement 
for the non-pressure-charged condition, the calculated 
values being about 10% higher. For the pressure-charged 
conditions, however, the discrepancy increases, the 
calculated values being on the low side. These tests 
show that all the calculated values need to be increased 
by about 66% for boost pressures up to 3 atm abs. 
Further tests are required to determine whether the 
correction factor remains constant at even higher boost 
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pressures, or whether this correction factor tends towards 
a limiting value. However, the results of tests carried 
out so far indicate the extent to which pressure level 
affects heat transfer; on the other hand, they also show 
that a correction for gas temperature is not required. 

In the case of the liner, analysis of results shows that 
the gas-to-metal heat-transfer coefficient hA« is only about 
one-third of that applying to the cylinder head and piston 
crown over the entire range of conditions tested. The 
dependence on pressure, however, is the same as that for 
the cylinder head. 

In the author's opinion. this difference in the heat- 
transfer coefficients is not attributable to any appreciable 
extent to the oil film on the liner surface, although the 
thermal conductivity of oil is about 1/375 of that of the 
liner material, so that an oil film, 0-2 mm thick, gives a 
temperature drop of, say, 50°C, compared with a further 
drop of 70°C through the liner wall in the test engine at a 
particular load condition. Allowance for the oil film 
would only reduce the existing discrepancy from 66% to 
about 61%. 

About half of the 61°% difference still remaining 
should be attributed to the gas-flow conditions over the 
cylinder head and piston crown, which differ from those 
on the liner surface. Heat-transfer relations indicate 
that Ac increases proportionally to the 0-75 power of gas- 
flow (see eq. (4)). This difference in flow conditions 
becomes more marked as the piston moves further away 
from the top-dead-centre position. 
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Fig. 3. The effect of piston speed c,, on heat flow at various 
boost pressures p, and air fuel ratios /. 
Qwn/ Qsoo is the ratio of heat flow at speed N to heat flow at 500 rpm 
The residual 30° is due to radiation, not only because 
the cylinder-head and piston-crown surfaces are slightly 
domed and tarnished with sooty deposits, whereas the 
liner is smooth and has a mirror-like finish, but also 
because of the geometrical conditions in the engine 
cylinder. Calculations using the latest available data on 
radiation® show that radiation accounts for 15 to 50% 
of the heat transfer to cylinder head and piston crown, 
and 4 to 12% of the transfer to the liner. This is in 
contrast with Nusselt’s conclusion based on calorimeter 
bomb tests, which assigns 4 to 8°% to radiation, so that its 
contribution appears negligible. Thus, there is 4 times 
more heat transfer due to radiation to the cylinder head 
and piston crown than to the liner (for which the value is 
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Cm [m/sec] 


Fig. 4. Comparative curves for the factors representing the 
effect of piston speed according to various investigators. The 
circles represent measured results. 


Curve (1)— Nusselt: 1+ 1:24 c, 
Curve (2)— van Tyen: 3-19 - 0-885 


Curve (3)-— van Tyen: 4.04% cp 


Curve (4)— Eichelberg: 2-1 ies 


Curve (5)— Pflaum: 3-00 2°57 [1 exp (1:'5—0-416c,,,) 


approximately that indicated by Nusselt). 

The tests at different running speeds, which form the 
second part of this investigation, are not yet completed. 
Some indications, however, can already be obtained from 
the tests so far carried out at atmospheric pressure and 
at a boost pressure of 2:5 atm abs. with various air/fuel 
ratios. Fig. 3 shows that, contrary to what might have 
been expected, the air/fuel ratio does not affect the results 
substantially, even at the higher boost pressure. The 
families of curves for ps 1 atm abs. and pz = 2°5 
atm abs. are of similar shape, and a mean line can 
easily be drawn half-way up between them. This mean 
line was used as a basis for Fig. 4 to indicate, provisionally 
at this stage of the work, the effect of piston speed. 

Fig. 4 gives the curves for the factors representing the 
effect of piston speed cm used by Nusselt, Eichelberg 
(see eqs. (5) and (6)), van Tyen®, and the author. Theo- 
retical considerations indicate that such curves should 
reach a value of unity at cm — 0 and tend towards 
a finite value for cm—> “. Itcan be seen that the proposed 
curve, denoted (5) in Fig. 4, fulfils these conditions, and 
is also within the range of values of Eichelberg’s curve, 
although the two curves have different shapes. 

In order to use the author's new function f(cm), 
which accounts for the effect of piston speed, in conjunc- 
tion with the remaining portions of Eichelberg’s equation 
(6), it will be necessary to replace the overall correction 
factor of 66°% mentioned previously by more appropriate 
expressions, these being 





REFERENCES 


PFLAUM IS-Diagramme fiir Verbrennungsmaschinen 
Part I, 2nd ed., VDI-Verlag, 1960 


(2) M. Weser: Jahrb. Schiffbautechn. Ges., 1930, p. 274 
(3) E. Scumipt 8th ed., Springer, 1960, p.379 


(4) G. EICHELBERG and W. Prtaum: Z.VD/, Vol. 93, 1951, pp. 1113- 
23; also, W. PFLAUM: MTZ, Vol. 13, 1952, pp. 29-35 


(li) W 


Thermodynamik 


(5) Groper-eRK-GRIGULI: Warmeibertragung. jrd ed., Springer 


1955, p. 378. 


(6) VAN Tyen: CIMAC Congress, Wiesbaden, 1959; also 
written communication to the author 


THE ENGINEERS’ DIGEST 





(a) for cylinder head and piston crown 
Ku Kp = 1-10 + 0:366 [( pez — po) /po] hs (7) 
and (b) for the liner 

K, = 0:36 + 0-12 [( px—po)/po] . ‘ (8) 


where px = boost pressure in atm abs., and po 1 atm 
abs. With these K-values, the heat-transfer coefficients 


of a diesel engine with and without pressure-charging 
can be calculated from 


he Ku, pp, \ pT f(cm) : (9) 


The author expressly reserves the right to modify, if 
necessary, these three equations after completion of the 
tests forming the second part of a programme now being 
carried out. 


The Control Characteristics of Superheaters 


In this article, which has been abstracted and, because of its complexity, specially adapted for publication 
in this journal by L. A. STEINER, PH.D., the results of recent research in Czechoslovakia into the control 


characteristics of superheaters are described. 


The theory presented covers responses to four control 


parameters, instead of the customary two, the control characteristics being related to five non-dimensional 
quantities, measured on 2\ boilers. In addition, proposals are made for securing better response. 


THE control characteristics of superheaters are of 
permanent interest to designers of steam-raising units. 
A definite output of steam, in terms of quantity, 
pressure, and temperature, is a basic but not the only 
requirement of a steam plant. Equally important is the 
ability of the plant to adjust itself quickly to disturbances 
and to follow changing demand and conditions in a 
satisfactory manner. The term “control characteristics” 
refers to the behaviour of the boiler under fluctuating 
conditions, i.e., the manner in which it responds to 
disturbances. 

The control characteristics of superheaters are judged 
by the response of steam outlet temperature to changes in 
steam inlet temperature, in steam flow, in flue-gas 
temperature, and in the mass flow of flue gas. In this 
work, originally carried out as part of a research pro- 
gramme in Prague, formulae are given for the effect of all 
four parameters mentioned, while previous literature on 
the subject has concerned itself with the effect of two only, 
i.e., of the two temperature disturbances. 

Any one of these four parameters can be chosen as the 
controlling variable; the other three would then have the 
effect of disturbing variables. Considering the impor- 
tance attached to the choice of the controlling variable, 
a study of the relative effect and merits of the four 
parameters is of great significance in the design of super- 
heaters. The designer should be aware of the features 
which promote poor response characteristics, as these 
cannot be made good by any automatic control gear. 


Non-Dimensional Presentation of Control 
Characteristics 


Theoretical considerations have shown that control 
characteristics are dependent on five non-dimensional 
quantities, i.e., TU/tu; k; L/tu; T/t; and T;/t, where T, t, 
and 7. are respectively the thermal time constants of the 
combustion gases, the steam, and the constructional 
materials, and are dependent on the specific heat, the 
mass flow or weight, the heat-transfer coefficients, the 
area, and the flow velocity; U and wu are the respective 
flow velocities of the combustion gases and the steam; 
A is essentially the ratio of the heat-transfer coefficients 
on the two sides of the wall of the superheater; and L is 
the length of the superheater. 

These five-non-dimensional quantities define both the 
SULT, 
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Static characteristics of the heat exchanger, i.e., the 
variation in temperature along the axis of the exchanger 
in the steady state, as well as the dynamic characteristics, 
i.e., the response to disturbances. These quantities were 
determined for 21 different Czech superheaters, using 
natural circulation, outputs varying from 15 to 230 
tons/hr, pressures from 570 to 1420 psi, and steam 
temperatures up to 1020°F. In the course of making 
these measurements, a certain relationship was estab- 
lished with regard to the value of 7U/tu and also of 
L/tu. However, the main influence on control character- 
istics is exercised by L/tu, and it was evident that the 
value of L/tu can comparatively easily be influenced by 
the designer. 


TaBLe I: VALUES OF NON-DIMENSIONAL QUANTITIES GOVERNING 


CONTROL CHARACTERISTICS 








Minimum Maximum Average 
Value Value Value 


Standard 
Deviation 


5-27 45-89 
0-136 
1-02 19-33 
0-65 13-14 
76-85 











The values of these five non-dimensional quantities 
governing control characteristics, as measured on the 21 
superheaters, are given in Table I. It should be noted 
that, in addition, the value of L/tu of the economizers 
was Statistically investigated, the minimum and maximum 
values being respectively 9-29 and 85-61, the average 
value 27-52, and the standard deviation 19-66. 


Response to Disturbances 


The derivation of formulae for the effects of dis- 
turbances is far too lengthy to be given in detail. Suffice 
it to say that the basic differential equations were written 
in the customary form, but were extended to include all 
four variables, linearized and operated on by Laplace 
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transforms. 


For convenience, a graph of the basic 
‘ , ap \ 
transfer function, which has the form exp ( fiw. S 
was constructed, but other graphs published in previous 
literature are equally applicable. 

The mathematics were further simplified by making 
the ultimate value of the simplified formula equal to that 
of the exact formula. In other words, there will be a 
calculational error in the transition period but no error 
in the final value. This is illustrated in Fig. 1, which 
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DISTURBANCE PARAMETER 





o- 5 . 4 
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Fig. 1. Disturbance parameters for a counterflow superheater 

as a function of response time for step changes in (1) steam inlet 

temperature, (2) flue-gas inlet temperature, (3) steam flow, and 
(4) flue-gas mass flow. 


shows the degree of approximation between the accurate 
and the approximate formulae for the disturbance 
parameters of a counterflow superheater to step changes 
in steam inlet temperature, flue-gas inlet temperature, 
steam flow, and flue-gas mass flow. It should be noted 
that the corresponding curves for parallel-flow super- 
heaters have a similar shape, but have a different 
magnitude. 


Design for Control 


For engineering purposes, a graphical presentation 
of the effect of the controlling medium on the speed of 
response will be more useful than formulae and, in order 

100; 
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Fig. 2. Transition characteristics of a typical superheater 


(a) for a change in steam inlet temperature, and (b) for a change 

in the inlet temperature of the flue gases. 
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to illustrate this point, the curves in Fig. 2 have been 
extracted from two families of curves in the original 
article and are based on average values. These curves 
represent the transition characteristics of a_ typical 
superheater where the controlling variable is the steam 
inlet temperature (curve (a)), or the inlet temperature of 
the flue gas (curve (b)), both calculated for the same con- 
ditions. It will be seen from Fig. 2 that, for control 
purposes, the inlet temperature of the flue gas is far more 
favourable. The abscissa in Fig. 2 represents response 
time in arbitrary units, and the ordinate the percentage 
temperature change from one level to another. The 
curves were extracted from the original graphs already 
mentioned at a value nearest to the average value of 
L/tu in Table I and it can be seen that, under otherwise 
identical conditions, the controlling effect of flue-gas 
temperature is not only more rapid, but is also far more 
linear than the effect of steam inlet temperature. 

Linearity of response is in many instances a desirable 
characteristic if the system is automatically controlled. 
For an uncontrolled plant, operating somewhere in the 
region of line UC, in Fig. 2, temperature fluctuations are 
bound to be large and the period of disturbances long. 
In such cases, the sluggish response of curve (a) 
might even be preferred. Certainly, a human supervisor 
would be unable to act quickly enough. 

For an automatically controlled plant curve (4) is 
superior. Even if the control gear installed is for some 
reason or other not as efficient as it should be, curve 
(6) will make for better regulation because of faster 
response, and the superheater will operate somewhere in 
the region of line MC. 

If precision control of temperature is required, i.e., 
the amplitudes of temperature fluctuations should be low, 
as given, say, by line PC, the almost linear response of 
curve (b) decides in favour of a corresponding super- 
heater design, by virtue of the fact that, in the lower 
regions, the response of curve (4) is from 5 to 10 times as 
rapid as that of curve (a). Similarly, good control charac- 
teristics are obtainable by controlling the mass flow of the 
flue gases. 

Where steam outlet temperature is controlled by the 
injection of condensate into the steam flow, there will be a 
long time delay before the effect makes itself felt, and the 
controller itself will have to be set for a long integration 
constant. At the same time, disturbances due to other 
variables, such as in steam flow or temperature and flow 
of hot gases, will make themselves felt comparatively 
rapidly, at any rate much more rapidly than the effect 
of the controlling variable. No matter how good is the 
design of the control gear itself, the rapid disturbances 
due to the other variables will remain partially uncon- 
trolled, and steam outlet temperature will continuously 
vary. 

An entirely different picture presents itself if the hot 
gases are applied as the controlling medium, e.g., by 
using dampers or recirculation. The response to the 
action of this medium is equally fast or faster than the 
effect of the other variables, and the controller has 
therefore been given, in principle at any rate, the requisite 
conditions of equalizing all disturbances with a good 
degree of accuracy. These conditions are also identical 
with those required by the theory of invariance. How- 
ever, because of simplicity of design, most Czechoslovak 
boilers at present still inject condensate as a means of 
controlling outlet temperature, though on some of the 
larger projects consideration is given to re-circulation of 
flue gases for the purpose of control. 
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PROPELLER FANS? = AIROTORS? 
YES, SIR! _—‘ YES, SIR 
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The world-famous TORRINGTON air-impellers 
are now made and sold by SMITHS. 

SMITHS offer the widest range of airotors and 
propeller fans in this country, and can assemble 
and deliver promptly from a wide range of tooled 
stock components. SMITHS Technical Advisory 
Service puts at your disposal the unrivalled know- 
ledge and experience of both great organisations. 
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BIGGEST RANGE BIGGEST RANGE BIGGEST BRAINS 
IN THE COUNTRY IN THE COUNTRY IN THE COUNTRY 





SMITHS 


AIR IMPELLERS 





PROPELLER FANS 


From 3" to 24” diameter, 
either rotation, ina 
variety of pitches. Light, 
rigid, quiet, efficient. 








AIROTORS 


From 1}" to 11” diameter, 
available in steel or 
aluminium. In widths 
from §” to 11”. 


Write to SMITHS for illustrated literature and technical information. SMITHS engineers 
will be particularly interested in helping to develop new air-moving applications. 


S. SMITH & SONS (ENGLAND) LIMITED, AIR IMPELLER DEPARTMENT, WITNEY, OXON. TELEPHONE: WITNEY 678 
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A wide range of applications 
Cossorscope Model 1076 was designed 
to meet the increasing demand for an 

instrument capable of faithfully displaying 
high- as well as low-frequency phenomena. 
With plug-in unit facilities, the 

instrument covers numerous applications 


in research and development including: 


Aircraft and missile electronics design 
Communications equipment design 


Electronic computer development and 
operational checking 


Nucleonic research 
Radar equipment development 
Radio and television equipment design 





Demonstrations and experiments 
in pulse circuitry in universities and 
technical colleges 





COSSOR tNSTRUMENTS LIMITED, COSSOR HOUSE, 
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Around the world in 4 seconds—or 1500 years— these extremes of 
velocity are attainable by the recording spot of the Cossorscope 
Model 1076. This high writing speed is one of the many advantages 
which has earned it acclaim as the most advanced oscilloscope 
available commercially. The 1076 is yet another significant contribution 
to research and industry made possible by the imagination and 
experience of Cossor developmental laboratories. 

Cossor manufacture 


the most extensive 


range of measuring 


oscilloscopes in Europe. 
Please write for 
details of instrumentation 


conguanng aver INSTRUMENTS LIMITED 
50 different aids 


to industry. 


HIGHBURY GROVE, LONDON, N.5, ENGLAND. TELEPHONE: CANONBURY 1234 
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A PACKAGED (RX Ww 
STEAM SUPPLY 7 
Up to 1350 p.s.1. : 


10,000—80,000 lb. of steam an hour. 
Temperatures up to 875°F. 








un 


These packaged steam generators offer substantial savings on installation, and generate high 
quality steam at low cost. They are highly efficient water-tube boilers designed to burn oil or 
gas separately, or in combination 

No accessories are needed: each boiler is supplied complete with its own fan, feedwater regulator, 
soot blowers, water column assembly and low water fuel cut-off, fully modulating combustion 
controls and automatic flame failure protection, and all necessary valves and fittings 
Although each of these units is complete in itself and ready for service as supplied, a range of 
additional equipment includes packaged economisers or air heaters, pumping and heating sets 
for fuel oil, control and instrument panel etc. 

Full details of the Richardsons Westgarth — Foster Wheeler A.G. Series packaged steam 
generators will gladly be sent on request 
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Foster Wheeler AG12 packaged steam generators installed for Esso Petroleum Company Limited at Trafford Park, Manchester 
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A member of the RICHARDSONS WESTGARTH GROUP 
HARTLEPOOL, CO. DURHAM and at 58 VICTORIA STR 


EET, LONDON, 8.W.1. 
59 MOSLEY STREET, MANCHESTER, 75 BUCHANAN 8ST 
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British Industrial Developments 


Mechanized Moulding Plant 


Designed to produce from 50 to 60 tons of castings 
per week for the automobile, agricultural, and general 
engineering trades, the new mechanized moulding plant 
installed by R. J. Hunt & Son Ltd., is capable of coping 
with castings ranging from a few ounces up to 40 Ib in 
weight, with a maximum output of 2000 moulds per 
&-hr day. To achieve this output, three pairs of British 
Moulding Machine BQI automatic machines have been 
installed, together with one pair of Foundry Equipment 
magnetic moulding machines. In addition, to obtain the 
required output rate, it was found necessary to eliminate 
wasteful movements on the part of the operator, and this 
was achieved by installing a box-return pendulum-type 
conveyor, overhead sand hoppers with pneumatically 
operated doors, and a completely gridded floor to 
remove overspilled sand from the moulding area. 

After the mould parts are made, they are placed on a 
pallet conveyor (Fig. 1) moving towards the weighting 
and casting area. The speed at which this conveyor 
moves can be altered through a variable-speed gearbox, 
the final drive of which is through a “Vulcan” fluid 
coupling, the speed setting depending largely on produc- 
tion requirements. This conveyor is designed as a closed 
circuit, on which the moulds are carried around to the 
various operations, i.e., coring-up, box-closing, weighting, 
casting, cooling, and box-knockout. To facilitate 
coring operations, the moulding machines are sited 
inside the pallet conveyor, permitting coring to be 
carried out on the outside of the conveyor. This 


simplifies the supply of cores to the coring stations and 
permits unobstructed access to the pallet conveyor. 





Fig. 1 


The sand passes from the knockout into the recondi- 
tioning system, the box parts being conveyed to the 
moulding machines and the castings to the dressing-shop 
via an overhead castings-cooling conveyor, which travels 
outside the building, where it forms two loops to provide 
a total cooling time of 24 hr. From the mechanical 
knockout (Fig. 2), sand is conveyed to an inclined belt, 
where it joins spillage return sand, both being passed 
under a magnetic separator and then elevated into a rotary 
Vit. 


1961 Volume 22, No. 7 


screen and thence into a 150-ton storage hopper 
Although the sand system is rated at 30 tph, it was 
considered necessary to increase the _ inclined-belt 


elevator and rotary screen to a nominal capacity of from 
45 to 60 tph, owing to the possibility of both knockout 
sand and return spillage sand combining at certain times 
to overload the system. 





Fig. 2 

Sand is conveyed from the storage hopper to the mill 
by two slow-moving, fully supporting conveyor belts, 
36 in. in width. These have restraining gates which can 
be adjusted to control the feed of sand. At the sand 
mixer (a Foundry Equipment Model SB3 continuous 
mill with a capacity of 30 tph), binder, coal-dust, and 
water are added to the unit sand. Both the binder and coal- 
dust are added in continuous fashion through 
a preset vane-type dispenser, while the water is regulated 
by the sand attendant. New sand is added, as required, 
from a separate storage hopper. After milling, the sand 
is conveyed and elevated to a disintegrator and onto the 
final distribution belt situated above the moulding- 
machine storage hoppers. Each machine has its own 
hopper which, in turn, is charged as required from the 
distribution belt by a system of automatic sand ploughs, 
actuated pneumatically and controlled by high- and low- 
level electronic probes situated inside the hoppers. 

The control gear for sand conveying and processing 
is a fully automatic sequence interlocked panel, with a 
single-start push-button position. Overload protection 
for each sequence item is of the thermal type. When 
failure takes place, a warning light is illuminated, and all 
plant items previously in sequence to the fault are 
stopped. The sequence can, if required, be broken by 
the use of by-pass and test positions which are available 
for each separate plant item, but this is only used for the 
convenience of maintenance personnel. 
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Whale-sign of Tufnol 


Those people born under the sign of the Whale 
have something to spout about. They become 
chief purchasing officers, chief engineers, chief 
draughtsmen and chief designers. Whale men 
leave it to Jonah’s disciples to wail about the in- 
adequacies of the materials they have at hand. 
Whale men are perfectionists who travel far 
when they find one material that is light yet 
strong and hardwearing, resistant to corrosion 


and a good electrical insulator. They also find 
that this ideal material resists deterioration in 
storage, machines easily with ordinary tools, and 
is available in sheets, tubes, rods, angles, and 
channels. Many Whale men have already dis- 
covered this remarkable material—*WHALE” 
brand Tufnol. They have also discovered that 
Tufnol is available in eleven other brands, each 
with pre-determined properties. 

All brands of Tufnol are laminated plastics; each 
formulated to satisfy specific requirements. If 
your birthday falls between January 1st and 
December 31st this could be your lucky week— 
the week you discovered Tufnol. 

‘Phone or write to your local Tufnol Branch 
Office and we predict that you will thank your 
lucky stars. 


Tufnol Limited, 


TUFNOL 


(REGD. TRADE MARK) 


Perry Barr, Birmingham 22B 
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Dust and fume extraction from the mechanical knock- 
out, inclined belt, mill, and rotary screen is ducted to a 
wet-type arrester located outside the foundry building. 
The arrester incorporates a 40-hp fan, and the precipitate 
is removed by a drag-link conveyor. From the cooling 
section of the pallet conveyor, two 2-hp axial-flow fans, 
set in the fume tunnel, extract steam and fumes, dis- 
charging outside the building to atmosphere. Casting 
of the moulds from ladles of 5-cwt capacity is carried 
out from a monorail system linked with cupola hot-metal 
receivers, three ladles being kept casting continuously. 


Automatic In-Line Loader for 
Rotary Gear-Shaving Machines 


A new in-line type of “Red Ring” automatic loader, 
permitting a straight-line flow of gears through a conven- 
tional rotary gear-shaving machine, has been developed 
by the National Broach and Machine Co., of Detroit, 
Mich., and is to be marketed by their British associate 


company, Precision Gear Machines and Tools Ltd., of 


Coventry. This new equipment makes available a second 
method of automatically processing gears through shaving 
machines on automated lines. Thus, the conventional 
“Red Ring” method infeeds and returns shaved gears at 
the front of the machine, whereas the new in-line method 
feeds gears in a straight line across the machine or 
through a battery of machines and also permits the 
automatic handling of gears of larger diameter. 


The new loader is so designed that the work is fed 
across the machine in a direction at right-angles to the 
rocker-type loader-feed direction. The shaving-cutter 
head and air-powered tailstocks are turned through 90 
deg., so that the tailstock is in front of the machine. 
Gears are placed in a magazine at one end of the machine 
table and are fed along the length of the table into shaving 
position, after which they pass to an exit chute, where 
they roll to the other end of the table in a straight line. 
SULT, 
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The loader, which can be built to feed either from left to 
right or from right to left across the machine, is of the 
slide type, operated by two air cylinders. One cylinder 
moves the slide back and forth, while the other raises 
and lowers two jaws on the slide through a linkage 
mechanism. 

In operation, the gears are first rolled between a pair 
of gauging gears mounted at the magazine entrance, 
oversize gears being prevented from entering, so that 
the shaving cutter is protected from damage. In the 
magazine, the gears roll by gravity into a position in 
front of the cutter, where a gear is picked up automatic- 
ally by one of the jaws on the slide and is placed in the 
shaving position, while the other jaw places a finished 
gear in the exit chute. The gear is then located and 
clamped by the tailstocks, and the jaws lower and the 
slide returns to the start position. At the end of the 
automatic shaving cycle, the tailstocks release the 
shaved gear, which is picked up by the exit feed jaw 


Package-Type Buildings 


Although package-type buildings are not inherently 
new, the unique feature of the Terrapin system introduced 
by Terrapin Ltd., of London, W.1, is that it is based on 
the use of the largest possible constructional unit, which 
is then finished complete, including floor covering, 
painting, electric-lighting installation, internal and 
external decorations, roofing, etc., under factory- 
controlled conditions. Each unit is then folded for 
transportation, three units forming a convenient transport 
load. In this way, up to 4000 sq ft of finished floor area 
can be completed in one day. Each unit, known as a 
Terrapin pack building, measuring about 24 = 8 ft, 
consists of a floor, two side-walls, and a roof, each pack 
being designed to fold down flat for transportation 
purposes and to nest neatly with other packs. The 
packs are fitted with attachments for lifting by a crane 
and can be placed side by side or end to end on simple 
footings to form large or small buildings, as required 
The gable end-wall panels needed to complete the ends of 
composite buildings, and any internal partitioning for 
subdividing buildings, are transported in special crates 
designed to nest with the packs. Erection is extremely 
rapid and simple, and complete buildings can be increased 
or reduced in size, as desired. The internal height from 
floor to ceiling of each building is either 8 ft 10 in. or 
10 ft 10 in., according to choice. When not required, 
the packs can be folded and nested for economical 
storage in the open air. 

The floors are constructed of a series of stressed-skin 
panels, each formed with a top skin of 4-in. underlay 
sheathing of Douglas-fir plywood and a lower skin of 
§;-in. underlay sheathing bonded with urea-formaldehyde 
adhesive to Douglas-fir members. Each floor panel is 
designed to interlock with adjoining panels and is 
screwed and bonded with the adhesive to two 96 » 2 in. 
Douglas-fir main floor beams, which are provided at 
their opposing ends with metal locating sockets for 
securing the walls to the floor. Each floor section is 
identical and measures about 24 » 8 ft. Floors are 
covered with 2:5-mm linoleum tiles, continuously bonded 
to the floor decking. 

Each side wall consists of two vertical columns with a 
separately framed infilling panel. The columns, of 
4 x 24 in. Douglas fir, are secured by screws to the 
infilling panel and to the main roof beams by pivotal 
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I 
EXPERIMENTAL SPRINGS? 


Don't 


grope here... 


No. 1200 
Three dozen Assorted Light 
Expansion Springs, suitable for 
carburettor control, etc. 15/-. 


No. 760 
Three dozen Assorted Light 
Compression Springs. 1” to 4” long, 
22 to 18 S.W.G., }” to 4” diam. 7/6. 


Select your 
Je] ai ale bs 


_ No. 98A 
Three dozen Assorted 1” to 4” 
long, }” to }” diam., 19G to 
15G. 6/6 





No. 757 
Extra Light Compression, 1 No. 753 
gross Assorted, {”to 4“ diam., | Three dozen Assorted Light 
4” to 24” long, 27 to 19S.W.G. § Expansion }” to 4” diam., 2” to 6” 
18/-. long, 22 to 18 S.W.G. 12/-. 











Have you a Presswork problem? 


If so, the help of our Design Staff is yours for the asking. 





Cut Production Costs with Terry's 
Wire CIRCLIPS. We can supply 
immediately from stock — from 
k” to §” 


Really interested in Springs? 
“Spring Design and Calcula- 
tions” 10th Edition tells all— 
post free 12/6. 














Fine Expansion Springs. 1 
gross Assorted 4” to }” diam., 
4” to 2” long, 27 to 20 S.W.G. 
18/-. 





No. 1217 

One gross 
Assorted Springs 
45/- 


That spring you want... in 
a hurry . . . where is it? 
Pick what you want, when 
you want it, from TERRY'S 
BOXES OF ASSORTED SPRINGS 
—our fine range of small 
boxed assortments of 
experimental springs. We 
can show you only a few 
from the range here. Send a 
postcard for our full list— 
and if ever you’re stuck 
with a spring problem send 
it along to our Research 
Department—they’ll gladly 
help you out. 


SPRINGS 


Looking for good Hose Clips? 
Send for a Sample of Terry’s 
Security Worm Drive Hose 
Clip and price list. 
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Redditch, Worcs. 


(Makers of Quality Springs, 
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plates, enabling the building to be erected with precision 
and to be dismantled with ease. The wall panels, built to 
high-class joinery standards of Douglas fir or European 
redwood, incorporate windows, doors, or solid sections, 
as required. Interchangeable wall panels can be combined 
to provide various attractive architectural elevations. 
Both fixed and opening types of window are available. 
External doors, measuring 33 » 78 in., are of the flush 
type, with a honeycomb core and exterior plywood with 
fully lipped edges and a fitted mortise lock and furniture 
of silver-anodized aluminium. External double doors 
have rebated meeting styles and are fitted with suitable 
rebated mortise locks. Glazed doors are back-puttied, 
sprigged, and beaded. All glazing is fixed with back 
putty and beads and is normally of 24- or 32-0z glazing- 
quality glass. All door and window furniture is finished in 
anodized aluminium and chromium-plated steel 


The roofs are constructed of a series of stressed-skin 
interlocking panels screwed and bonded to two stressed- 
skin box beams. The roof panels are formed with a top 
skin of “-in. underlay of Douglas-fir plywood and a 
lower skin of 4-in. asbestos-board bonded with urea- 
formaldehyde adhesive to Douglas-fir members. Addi- 
tional insulation is provided by a double-sided aluminium- 
foil membrane placed in the cavities of the roof panels. 
The roof covering is of two-ply 42-lb roofing felt and is 
bedded with hot bitumen to the roof decking. The roof 
is laid to a monolateral fall, and rainwater disposal is 
effected by an outlet discharging to a plastic hopper head 
and plastic rainwater pipes of 24 in. diameter. Each 
roof is wired to provide two fixed lighting points for 
either tungsten or fluorescent fittings, independently 
switched. The circuits terminate at junction-boxes in 
readiness for connecting to internal mains and switch- 
gear and are installed in such a way that no rewiring is 
necessary when the building is dismantled and re-erected. 
If required, variations in the standard lighting circuits, 
as well as additional lighting and power points, with all 
necessary wiring, fuses, and switchgear, can also be 
installed 


Plain or half-glazed prefabricated internal partitions 
are supplied and fixed to customers’ requirements, the 
standard partitioning being based on a 48-in. nominal 
planning grid. Internal doors, measuring 30 * 78 in 
are of the flush type with hardboard facings bonded to a 
honeycomb core. Furniture consists of mortise latches 
and leverlock handles of silver-anodized aluminium. 
Insofar as plumbing and heating are concerned, all 
internal services, including waste-pipes and soil-pipes, 
are prefabricated in copper and are jointed with com- 
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pression fittings or brazed, as necessary. Control valves 
are supplied and fixed to each group of fittings or to 
isolated fittings, as required. All pipework is pre- 
fabricated and fixed to ensure maximum possible 
recovery. 

Terrapin pack buildings are basically designed to be 
erected on a series of spot-levelled pad foundations, the 
depth and area of the base being dependent on ground- 
level and subsoil conditions. Alternatively, timber 
Sleepers, concrete, or brick strip foundations can be used. 
Foundations are normally laid by the client. If required, 
these buildings, less their timber floors, can be erected on 
solid concrete rafts without modification 


Radial-Arm Drills 


Light in weight and easily operated by unskilled 
labour, the new “Tornado” radial-arm drill, announced 
by Cooper Bros. (Stockport) Ltd., of Stockport, has been 
specifically designed to cope with capacity requirements 
of up to 4 in., bearing in mind that extensive resesrch has 
shown that many manufacturers with requirements up to 
}-in. capacity have often been obliged to use considerably 
more expensive 3-in. radial drills. The new drill is 
available in two models, i.e., the Mk.I, with a head for all 
drill sizes up to and including 4 in., and the Mk.II, witha 
head for drill sizes between 4 and § in. Both models can 
drill to the centre of a circle of 67 in. diameter and can 
take a standard Jacobs chuck or the well-known “Tor- 
nado” quick-change chuck, which permits speed or drill 
changes to be made without stopping the machine, 
thereby saving time and eliminating fatigue. 

The new drill is of extremely robust and attractive 
design, all castings being stress-relieved, shot-blasted, 
metal-filled, and finished in a high-gloss polyurethane- 
catalyst enamel. All other unprotected components are 
finished in chromium-plate. All running components 
are dynamically balanced, while sliding components are 





Fit 
Wild-Barfield 
furnaces 
into your 
production 
line 


A Wild-Barfield furnace will bring immediate advantages. It 
speeds up production and helps to cut costs by eliminating 
delays and wasteful handling. Built to the highest standards 
of workmanship, these furnaces offer consistent results and 
minimum maintenance. The Wild-Barfield Research 
Department is available at all times to advise you on your 


heat-treatment problems. 


Continuous and batch type furnaces for: 
NORMALISING 

HARDENING 

TEMPERING 

GAS CARBURISING 
CARBONITRIDING 

BRIGHT ANNEALING 
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WILD ELECTRIC FURNACES 
BARrieLD FOR ALL HEAT-TREATMENT PURPOSES 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 
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precision-ground or hand-scraped and mottled. The 
drill head is attached to a sliding ram, the shears of which 
are supported by eight grease-packed needle bearings 
housed in a saddle which is supported on the main 44-in. 
diameter column and is free to revolve on two preloaded 
taper roller thrust bearings. The sliding action of the 
ram and radial movement of the saddle can be locked in 
any desired position by a single lever which, like all other 
controls, is conveniently located and leaves the operator 
free to control the machine from the front of the table. 
The drill head can be tilted and locked through an angle 
of 45 deg. in either direction, as denoted on a scale on the 
ram. Speeds are infinitely variable, and eighteen of these 
can be selected in indicated steps between 330 and 
3300 rpm. The well-ribbed and tee-slotted working table, 
measuring 36 = 26 in., is surrounded by a suds trough. 


Miniature Mineral-Insulated 
Thermocouples 


Following their recent perfection of a new process for 
the production of earthed and insulated hot junctions in 
mineral-insulated thermocouple cables, Spembly Ltd., of 
Chatham, Kent, are now in a position to supply thermo- 
couples with sealed earthed junctions in cable sizes down 
to 0-01 in. in diameter. At present, insulated and sealed 
hot junctions can be produced in cables down to 0-02 in. 
in diameter, but it is expected that the range will be 
extended in the near future to cables of only 0-013 in. in 
diameter. 

The process used depends essentially on a new 
welding technique developed from standard Spembly 
capacitor-discharge welding equipment. In this process, 
capacitors are charged to the correct voltage to cater for 
length and conductor resistance and are then discharged 
through argon which has been ionized by a high- 
frequency field, forming the insulated hot junction down 
inside the cable end. The thermocouple is capped by a 
similar process, producing a vacuum-tight weld with no 
increase in the overall diameter of the cable. The entire 
welding process is automatic and ensures an accurately 
repeatable product, which is checked from either 
primary or secondary standards, as required. 


Unitized Prepackaged Alarm System 
for Instrumentation 


Wherever there is extensive instrumentation in 
industrial or other plant, some form of signal is required, 
the most common involving the use of visual lamp signals 
coupled with audible warnings. However, the usual 
requirement is for indications to be displayed on a central 
control panel, and it is with this requirement in mind 
that the “Add-on” alarm units announced by Thomas 
Industrial Automation Ltd., of Altrincham, Cheshire, 
have been designed. These units can be supplied for 
either single-, two-, or multi-point alarm systems, and 
any number of units can be added together to form a 
complete indicating system for use with any form of 
instrumentation, e.g., temperature, humidity, and pressure 
controllers, level indicators, or, in fact, any instrument 
which is capable of closing a pair of relay contacts when 
a “danger” or other specified condition is reached. A 
special feature of these units is that, no matter how 
many units are added together, only one audible alarm 
and one cancellation button are required. The rear of 
each unit is fitted with a connecting plug for inter- 
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connection to adjacent units and to mains and external 
control circuits, and each unit is supplied complete with 
its own interlocking relays, long-life, low-voltage signal 
lamps, and dustproof cover. 

The single-point system incorporates two signal 
lamps, one of which shows the “safe” condition. As 
soon as the “danger” condition is reached, the “safe” 
lamp is extinguished, and the “danger” lamp is illu- 
minated, the audible alarm sounding at the same time. 
If required, an external flasher unit can be added for 
operation on the “danger” signal only. In this case, 
operation of the cancellation button not only silences the 
audible alarm, but also causes the visual “danger” 
signal to change from a flashing to a permanent illu- 
mination. The two-point system contains three signal 
lamps and operates substantially in the same way as the 
single-point system, except that the “‘safe’’ signal lamp is 
extinguished when either of the “danger” signal lamps is 
illuminated. Thus, for example, in the case of a liquid- 
level indicator with three signal lamps for maximum 
filling height, normal level, and empty, the signal lamp 
for normal level will be extinguished when the maximum 
filling height is reached or when the vessel is empty, and 
the corresponding signal lamp for these conditions will 
be illuminated and the audible warning will sound. 


Orbital and Disc Sanders 


As announced by the sole concessionaires for Great 
Britain, Marron Machines Ltd., of London, N.W.4, two 
new sanders, i.e., an orbital sander and a vertical disc 
sander, have been introduced by Rupes, of Milan. 

The orbital sander, designated the “Super Stork 
7000"’, is stated to possess a number of unique features, 
one of the most important being that it can be used wet. 
This machine (illustrated) is also claimed to be more 
powerful (4 hp) and faster (7000 rpm) than similar 
machines at present available, as well as being lighter 
(it weighs only 74 Ib). Other advantages include double 
insulation and the fact that it can be used efficiently on 
curved and other shapes and will not slow down under 
pressure. In addition, it is proof against vibration and 
can carry out work which hitherto has had to be per- 
formed manually, while its orbital motion ensures a 
satin-smooth finish and eliminates any risk of tracking, 
scoring, or burning. 


The vertical disc sander, designated Model S.M.10, is 
rated at | hp, providing greater power under normal 
loading conditions. A special feature of the machine is 
its perfect balance, most of the weight being distributed 
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Goodyear 


rubber fenders 


Time and again, all that stands between a vehicle and costly damage is a 
Goodyear Rubber Fender. 


Easy to fit and virtually indestructible, Goodyear fenders save money, labour and maintenance. 


For vehicles, there are specially designed corner pieces and strips 
in 55-ft. lengths, black or white. 


Loading Bay Fenders are made in 2-ft. lengths of heavy-duty D section 
9 ins. wide by 3f ins. projection, supplied as units complete with mounting brackets. 


Write today for full information. 


+ OG BD EAR 


VEHICLE AND LOADING BAY FENDERS 


The Goodyear Tyre & Rubber Co.(G.B.)Ltd., Industrial Products Department, Wolverhampton. Export Enquiries: 17 Stratton Street, London, W.1. 


Goodyear products are manufactured in: Argentina, Australia, Brazil, Canada, Colombia, Cuba, Eire, England, Germany, India, Indonesia, Japan, Luxembourg 
Mexico, N. Zealand, Peru, the Philippines, Scotland, S. Africa, Sweden, the United States, Venezuela. Branches, Distributors and Dealers throughout the world. 
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over the working surface, so that operator fatigue is 
reduced to a minimum and easier access to awkward 
locations is obtained. The machine, which operates at 
4200 rpm, will not vibrate or slow down and is so 
designed that twisting out of the operator’s hands is 
impossible. In addition, protection is afforded by a steel 
guard and insulated handles. 


Pneumatic Time-Delay Relay 


The new Class 9050 Type A pneumatic time-delay 
relay, announced by Square D Ltd., of Swindon, Wilts., 
is a reliable, compact, and versatile instrument whose 
timing period is adjustable between 0-2 sec and | min 
with good repeat accuracy. Normal variations in voltages 
and temperatures have very little effect on timing accu- 
racy, while a unique feature is the use of a closed air 
circuit which prohibits the ingress of foreign matter into 
the pneumatic system and which thus ensures consistent 
reliability 


The relays are available with time delay after 
energization of the magnet coil, or with time delay after 
de-energization of the coil. Either type of relay can be 
converted to the other without the need for additional 
parts. A _ single-pole, double-throw timed contact is 
provided, with pilot-duty ratings up to 600 V a.c. Coils 
are available in standard ratings up to 600 V a.c., 50 or 
60 cps. The relay has been designed in such a way that 
all conversions and maintenance are quickly and easily 
effected from the front of the panel. The terminals 
provided have pressure wire-connectors and are also 
easily accessible from the front. 


High-Power Klystrons 


Stated to possess a number of advantages in respect 
of construction and performance over comparable types, 
two new high-power klystrons have been introduced by 
Elliott-Litton Ltd., a member of the Elliott Automation 
Group, these being respectively a K-band reflex klystron 
and a tunable klystron oscillator. 

The K-band reflex klystron, designated Type 12RK4, 
has been developed for use as a pump source for para- 
metric amplifiers and masers and is capable of a minimum 
power output of 350 mW over a 500-Mcs tuning range, 
centred in the 21,000- to 25,000-Mcs band. An extremely 
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rugged form of construction has been adopted in this 
klystron, making it eminently suitable for airborne 
applications. 

The high-power tunable kystron oscillator, designated 
Type 4TFK3, is intended for the 4-mm band, and has a 
tuning range of about 2000 Mcs. It can be supplied for 
operation in the 68,000- to 80,000-Mcs band and is 
capable of an average power output of 500 mW over the 
band. Constructed as a harmonic-generator type of 
klystron, this unit has an average life expectancy of at 
least 500 hr, and output signals are stated to be exception- 
ally free from thermal drift and hysteresis, owing to the 
use of water-cooling of the resonant cavities and the 
floating drift-tube principle for the Q-band bunching 
cavity. 


Accelerometer for Vibration Tests 


Measuring only 4 in. in diameter by 4 in. in length 
and fitted with a sub-miniature coaxial connector, the 
new type G-170 accelerometer for vibration tests, 
introduced by Technical Ceramics Ltd., of Towcester, 
Northants., a member of the Plessey Group of Com- 
panies, is suitable for a wide range of applications, 
particularly in the aircraft and automotive industries 
and in the development of shockproof packaging 
techniques. A special feature of this accelerometer is its 
light weight (5 grams), enabling it to be used for testing 
component parts, as well as complete assemblies. 


The unit, which is fully sealed to withstand conditions 
of high humidity, utilizes a bender type of transducer to 
give maximum sensitivity in a coaxial direction, with 
minimum sensitivity in other directions. A high self- 
capacitance has been achieved, permitting measurements 
to be made at low frequencies, using a cathode follower 
unit. The frequency range is from 5 to 3500 cps at 
operating temperatures between —40 and +-80°C, and 
shock and vibration can be measured in the range 
between 0-1 and 400 g. 
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Waves with high amplitudes travelling in ducts are 
generally subjected to a pronounced damping or attenua- 
tion due to friction and turbulence, causing the wave 
phenomena to undergo considerable changes in relation 
to the ideal behaviour. Measurements taken under 
different conditions are therefore also highly desirable 
for obtaining criteria concerning the influence of 
the damping factors. For this purpose, it is necessary 
that the ideal theoretical phenomena of the experimental 
arrangement should be known as exactly as possible. 
Since these wave phenomena are also rather complicated 
from the theoretical viewpoint, a relatively large propor- 
tion of this paper has been devoted to the mathematical 
treatment of these phenomena. 

A comparison between the experimentally determined 
and the calculated phenomena has given, in several cases, 
interesting information regarding the influence of damp- 
ing. As a rule, damping is not of great importance 
immediately after the transient phenomenon has been 
initiated. 

After treating the basic equations for the theory of 
elastic waves, details are given of the wave phenomena 
which occur in conjunction with the rapid filling and 
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Wave Phenomena in Compressed-Air Ducts 


NeuSh 


By H. FoRWALD 
From ASEA Research, Sweden, 
No. 5, 1960, 
149 pages, 100 illustrations. 


discharge of ducts with compressed air. Wave investiga- 
tions, mainly intended to provide information for 
designing air-blast circuit-breakers, and performed with 
25 different experimental arrangements, are presented, 
and the results obtained from the measurements are 
reproduced in the form of curves for the pressure 
variations at different points along the duct. The front 
movements are then graphically reproduced on the basis 
of these pressure curves. Comparisons have been made 
between the estimated and measured results, these 
generally leading to good agreement during the initial 
stage of the wave propagation, when the attenuating 
factors have not yet had time to exert any real influence 
on the oscillations. The results of these calculations of 
wave phenomena are summarized and plotted in 
diagrams which can be universally applied. A historical 
survey of the research work into waves in compressible 
media is included. 


Equipment for Automatically Plotting Electron Trajectories 


WHEN designing the electrode system of an electrostatic 
lens, for example, or an electron gun for a cathode-ray 
tube, it is important to be able to predict the motion of 
the electrons in the system. For this purpose, it is 
possible to determine the potential distribution in the 
system (e.g., with an electrolytic tank or a resistance 
network) and from this construe the electron trajectories. 
This method, however, is very cumbersome, and for this 
reason the equipment described in this article has been 
designed, with a view to tracing out electron trajectories 
automatically, the values of field strength and voltage 
needed for calculating the trajectories being measured 
with an electrolytic tank. 

The tank, filled with a weakly conducting electrolyte, 
contains a model of the electrode system in which the 
trajectories are to be determined. On a board above the 
tank rides a three-wheel trolley which is mechanically 
coupled to four closely spaced probes, mounted in line 
and dipping into the electrolyte. The radius of curvature 
of the trajectory at the point midway between the probes 
is derived from the voltages of the four probes by means 


The Bulge Test for Determining the Mechanical 


IN metallurgical investigations involving heat treatment, 
an important advantage of the use of the material in the 
form of foil is that, owing to the large surface-to-volume 
ratio, the material reaches the temperature of its surround- 
ings rapidly, even in a vacuum. This fact led to the 
decision to use foil specimens for much of the work in a 
current investigation into the reactions occurring in 
precipitation-hardening stainless steels. The commercial 
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By J. L. VERSTER 
From Philips Technical Review, Netherlands, 
Vol. 22, No. 8, 1960/61, 
pp. 245-259, 17 illustrations. 


of two computing circuits. A servo-system ensures that 
the trolley (propelled at a suitable speed of, say, 0-5 
metre/min) describes a path which everywhere has the 
correct radius of curvature. The trajectory is traced 
by a stylus fixed underneath the trolley. The electrodes 
of the model are fed with a square-wave alternating 
voltage of 500 cps with the object of minimizing polariza- 
tion. For the same purpose, the electrodes are silver- 
plated. The accuracy achieved is 0:2°% and the average 
time taken to plot a trajectory being from about 2 to 3 
minutes per metre. 

Practical examples mentioned are the plotting of 
electron trajectories in an accelerating lens, with and 
without a gauze, and the trajectories in a planar triode. 
The instrument can also be used as a particularly simple 
means of determining equipotential lines 


Properties of Stainless-Steel Foil 


By D. B. BALLARD 
From Materials Research & Standards (ASTM), U.S.A.., 
Vol. 1, No. 6, June 1961, 
pp. 471-473, 3 illustrations. 


availability of several of these materials in foil form made 
it easy to obtain a very large number of specimens from a 


single piece of steel, virtually eliminating uncertainties 
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caused by variation in composition between specimens. 

The principal disadvantage connected with this 
procedure was the lack of a convenient way to determine 
the mechanical properties of the foil resulting from 
various treatments. Conventional hardness tests are 
impossible, microhardness tests requiring mounting 
and polishing of specimens, which are difficult and time- 
consuming, while tension tests require very careful 
specimen preparation to avoid misleading results. There 
was therefore a need for a reliable test to determine the 
mechanical properties of this type of material. Preferably, 
such a test should be inexpensive and easy to conduct, 
and should require only a small amount of material. The 
hydraulic bulge test has been found to meet these 
requirements very satisfactorily. 


As described in this article, a hydraulic bulge tester 
for foil was assembled from commercially available 
high-pressure equipment. The mechanical properties 
determined were yield pressure, burst pressure, and 
maximum bulge height, the change in yield pressure being 
found to be a sensitive measure of the effect of different 
heat treatments on the precipitation-hardening stainless- 
steel foil. These tests can be conducted easily and have 
several advantages over the tension test, including the 
absence of edge effects, the small amount of material 
used, and the simplicity of specimen preparation. The 
principal disadvantage of this test is the uncertainty in the 
determination of true stress and strain values, though 
this is not important for comparison of materials or heat 
treatments. 


Studies of Electrodynamic Forces occurring at Electrical Contacts 


KNOWLEDGE of the magnitude of the electrodynamic 
force occurring at closed electric contacts carrying high 
current is important to the design of reliable contacting 
devices. Past work in this field has shown that current 
passing through a contact surface is constricted to flow 
through very small contacting spots, and that this con- 
stricted current flow causes a repulsion force to act on 
the contacts. Further contributions to the theory and 
the calculation of this force have now been made, and 
their progress is reported in this paper, in which equations 
are derived for calculating the magnitude of the repulsion 
force. 

It is shown that the force depends on contact pressure, 
diameter, material hardness, and magnitude of current. 
Repulsion force is found to be independent of contact 
surface curvature, when contacts with axial symmetry are 
considered. Nomographs are given for simplifying force 
calculations for the ideal case, and experimental test 
results are discussed. 

It should be noted that the magnitude of contact mass 
and pressure-spring rate can cause a difference between 
measured repulsion force and that calculated by the 
nomographs. When the repulsion force is exerted on the 
contact, the contact will start to move in accordance with 


By A. C. SNOWDON 
From Applications and Industry (A.1.E.E.), U.S.A., 
No. 53, March 1961, 
pp. 24-28, 4 illustrations. 


the dynamic properties of contact mass and pressure- 
spring constant. The movement will reduce the size of 
the constriction radius, causing a greater repulsion force 
at a given current than would normally exist. This 
increased force will give rise to an increase in contact 
acceleration and movement, again leading to an increase 
in repulsion force. The net result will be to part the 
contacts at a lower value of current than that calculated 
by the nomographs. 

Even though these factors cause force magnitudes 
calculated by the nomographs to disagree with experi- 
mentally measured values, the nomographs provide a 
useful means of estimating contact pressure force 
requirements. At the same time, however, it must be 
admitted that more study is needed to account for the 
variance between measured and calculated force magni- 
tudes. The foremost problem is that of analysing in 
detail the effect of contact mass and pressure-spring 
constant on the repulsion force. 


Diamond Impregnation as an Anti-Seizure Surface Treatment 


Tuis paper describes tests of an exploratory nature 
into a novel method of conferring the excellent friction 
and wear characteristics of diamond to sliding surfaces 
by impregnating them with a very large number of 
diamond particles, the projecting sharp edges being sub- 
sequently removed to leave small pads of diamond above 
the surface. The experimental programme was mainly 
limited to bronze sliding on hardened steel and lubricated 
with aviation paraffin, but a few tests under conditions of 
high Hertz stress (hard steel sliding on hard steel) and 
synthetic-oil lubrication showed similar beneficial 
effects. Comparisons are included of tests made with 
surfaces sprayed with molybdenum disulphide and 
polytetrafluoroethylene (P.T.F.E.), andalso of tests made 
with various impregnating media, including silicon 
carbide, which proved a suitable substitute for diamond. 

The results of these tests indicate that the excellent 
friction and wear characteristics of diamond can be 
imparted to hard-steel sliding surfaces by impregnating 
1961 
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From an advance copy of a paper received from 
The Institution of Mechanical Engineers, London, 
June 1961, 11 pages, 15 illustrations. 


them with particles of diamond and that their load- 
carrying capacity is improved and friction is significantly 
reduced. Under the particular test conditions involved, 
it was found that diamond-impregnated surfaces will 
survive endurance running loads up to 300% of the 
failing load of conventionally lapped surfaces. It should 
be noted that there appears to be an optimum size of 
particle for impregnation, but this has yet to be deter- 
mined; indeed, the process is at present in a purely 
embryonic state, and its full possibilities and limitations 
remain to be explored. Nevertheless, sufficient results 
have already been obtained to confirm its significance, 
although its application to industrial problems will 
require a great deal of further effort. 
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Bending Presses for Heavy-Wall 
Tubing 


Stated to provide a substantial increase in output and 
to reduce the production costs of tube- and pipe-bending 
operations in steel tubing up to 3 in. o.d. and 4-in. wall 
thickness, the new Model 30-T 30-ton bending press 
developed by the Pines Engineering Company, Inc., of 
Aurora, Illinois, makes it possible to achieve production 
speeds up to 800 bends per hour, i.e., from three to four 
times the speeds of conventional machines. A second 
version of this machine, designated the Model 40-T 
(illustrated), with a capacity of 40 tons, can handle work 
of larger diameters and heavier walls. Both machines 


have the necessary bending force to handle efficiently 
laminated tubing or heavy-wall boiler tubing, and are of 
compact design, the Model 30-T machine requiring a 
floor space of only 48 

101 in. 


89 in., and the Model 40-T a 
floor space of 54 





Wide working clearances above, below, and on both 
sides of the dies make these machines especially suitable 
for bending such parts as large-diameter truck or car 
exhaust-pipes and tail-pipes, forming all bends in a 
single pass. These increased working clearances are 
made possible by the offset ram and wing-die holders. Twin 
side-mounted hydraulic cylinders maintain a controlled 
die-cushion pressure on the work, resulting in smooth 
bends. Bend angles are automatically controlled by an 
indexing ten-position selector which automatically 
returns to the starting position after a preselected number 
of bends. Stop pins are easily adjusted to produce any 
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angle up to 165 deg. maximum and are easily inter- 
changed or replaced with preset pins for quick set-ups. 

Both presses are powered by two 20-hp motors and 
pumps to provide a high volume of oil to the ram and 
wing-die cylinders. A movable foot-switch control 
ensures maximum operating convenience and reduces 
operator fatigue. A single-screw wing-die adjustment 
simultaneously positions both die-holders for rapid and 
easy set-up without the problem of equalizing die 
settings. The ram-speed control valve is easily adjusted 
to reduce speed or to stop the press for easy set-up, and 
can be quickly reset for maximum production bending 
speeds. Ram-cylinder deceleration ensures accurate and 
positive angle duplication on any production run, while 
an open-height adjustment minimizes ram return stroke 
and speeds production by reducing the cycle time on 
shallow bends. The ram speed of the press automatically 
doubles on work requiring less than half the maximum 
bending force. 


New Austenitic Creep-Resisting Steel 


Designed for service temperatures up to 675°C, a new 
austenitic creep-resisting steel announced by Samuel Fox 
and Co. Ltd., a subsidiary of The United Steel Com- 
panies Ltd., contains 15° chromium, 10° nickel, and 
6° manganese, with small additions of silicon, molybde- 
num, vanadium, niobium, and boron. Designated 
““Esshete 1250, the new steel combines a high level of 
rupture strength with adequate ductility, structural 
stability, and oxidation resistance at elevated temperatures 
for prolonged periods. In addition, it has good manipu- 
lation properties and good weldability, and, in general, is 
admirably suitable for service in power stations of 
advanced design. 

The new steel has proved satisfactory in the produc- 
tion of bars, tubes, pipes, and large forgings. Tests on 
sheet are in progress. Large bars, pipes, and plate can be 
readily fabricated in either the hot or cold condition, 
cold-forming being understood to include temperatures 
not exceeding 650°C, and hot-forming not less than 900°C. 
Whichever method of fabrication is adopted, the material 
requires a re-solution treatment within the range of 
1050 to 1150°C. The structural stability of the steel 
compares most favourably with other more conventional 
austenitic steels. Its oxidation resistance has been 
assessed by a combination of laboratory tests and expos- 
sure in an experimental element in a power station for 
about two years, and the material has shown similar 
characteristics to those of other austenitic steels with the 
same chromium content. 

Typical mechanical properties at temperatures 
between 20 and 700°C include a tensile strength ranging 
from 39 tsi to 23 tsi, a proof stress (0-1°,) from 13-8 to 
8-1 tsi, a limit of proportionality of from 7-0 to 3-6 tsi, a 
reduction of area from 69-6°% to 51:2%, and a modulus 
of elasticity from 13,400 to 9,650tsi. Particular attention 
has been paid to the stress-to-rupture properties of the 
steel, the test programme having covered a period of 
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25,000 hrto date. Typical values after 100 hr range from 
24 tsi at 600 C to 15-5 tsi at 700 C, and from 16°8 to 7-5 
tsi over the same temperature range after 10,000 hr. 

Creep-testing up to 10,000 hr has been carried out to 
determine the stress to give 0:1°% and 0:2° strain. 
Typical values in the temperature range between 650 and 
700°C for a 0:1°% creep strain vary from 7-6 to 4-9 tsi 
after 1000 hr, and from 5-2 to 1-8 tsi after 10,000 hr. 
For a 0-2%, creep strain, these values over the same 
temperature range are from 7-8 to 5-6 tsi after 1000 hr, 
and from 6:7 to 3-1 tsi after 10,000 hr. 

Like other austenitic steels in the solution-treated 
condition, ““Esshete 1250’ has low proof-stress values, 
but these can be improved by warm-working, and this 
process has been found, in fact, to push up the 0:1°, 
proof stress to 32 tsi at room temperature and to 23 tsi 
at 625°. The hardness of the steel is not altered at 
625 C, but at room temperature is equivalent to an 
ultimate tensile strength of 43 tsi, i.e., only slightly more 
than in the normally rolled condition. Warm-working 
also improves creep properties, so that the steel is well 
suited in this condition for use as a high-temperature 
bolting material. 


High-Vacuum Exhaust Steam Turbine 


The latest addition to the range of auxiliary turbines 
produced by G. & J. Weir Ltd., of Cathcart, Glasgow, 
S.4, is their Type LP1, a horizontal, geared unit designed 
primarily for service in motor-vessels, where high- 
pressure steam is not usually available. The turbine is 
of the simple impulse type, with one pressure and two 
velocity stages, the size at present available being 
designed for steam conditions up to 250 psig at 750° F and 
developing a maximum of 850 bhp. Infinitely variable 
speeds down to approximately 30°, of full load speed 
can be obtained, making the unit ideal for driving cargo 
oil pumps. The maximum turbine-rotor speed is 
8500 rpm, and the maximum output speed 1800 rpm. 
Starting torque is about twice full-load torque, and normal 
running speed is attained in from 4 to 5 seconds. Driving 
torque is constant throughout the 360 deg. of revolution 
of the rotor, giving a vibration-free drive which is 
equally suitable for constant loads or for fluctuating 
loads. 

The turbine casing is split along the axis of the shaft, 
allowing access to the overhung-type wheel, which is 
supported at each end of the gearbox by sleeve-type 
journal bearings. The shaft is sealed at the gearbox side 
of the turbine casing by hard carbon fitted glands, to 
which a sealing steam supply is led. All steam joints are 
made on the bottom-half casing, so that no pipe joints 
have to be broken when removing the top-half casing. 
The gearbox is of conventional design, employing single 
helical reduction gears. The forced-lubrication system 
is of completely new design, and all normal controls, oil 
pump, and trips are situated in a separate housing, 
bolted to the gearbox, giving a centralized control posi- 
tion. The main turbine shaft drives a gear-type oil pump 
through worm gears with a completely flexible drive to 
the oil pump, which incorporates hydraulic governor 
relay oil pumps in the same casing. Most of the forced- 
lubrication piping is situated inside the gear case, 
eliminating external piping as much as possible, but is 
designed to be readily removed for inspection of bearings 
and lifting of the shaft. 

As the turbine is arranged for exhausting to vacuum, 
steam sealing gear is provided as standard for the turbine 
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glands to prevent ingress of air. This gear comprises a 
reducing valve through which the live steam from the 
inlet side of the turbine stop-valves is supplied to the 
turbine-casing gland. Lagging is required for the inlet 
steam pipes, but is not necessary on the turbine casing. 
The turbine is fitted with two safety trips, one being 
set to operate at 74°, and the other at 15° above normal 
running speed. The trip arrangement is accommodated 
on the output end of the turbine shaft in the oil-pump 
housing. The trips are of the eccentric-ring type, in 
which an unbalanced ring is opposed by a spring in 
compression until the centrifugal force of the ring 
overcomes the spring load to trip the mechanism 


the accuracy of speed control required and the 
range of speeds over which the turbine is to operate 
determines the type of governor fitted, in conjunction 
with the duty of the driven units. Two types of governor 
can be fitted, ie., a fine-control valve or a hydraulic 
governor. The fine-control valve is an ordinary globe 
valve with a special design of internal valve incorporating 
a carefully profiled skirt. This profile allows the steam 
supply to be adjusted to a fine degree, so that turbine 
speed can be set to a particular value with reasonable 
accuracy. The hydraulic governor is operated by oil 
delivered from a separate gear-type pump contained in 
the same casing as the lubricating-oil pump. This relay 
oil is delivered to a hydraulic power amplifier connected 
mechanically to the steam throttle valve, movement of 
the piston in the hydraulic power amplifier moving the 
throttle valve and controlling the steam entering the 
turbine nozzles. This governor can give an accurate 
control to within +24°%, down to 30% of running speed. 
If control is required at a point up to 40 ft from the 
turbine, the relay-oil system can be extended accordingly. 
For distances over 40 ft and up to 100 ft from the 
turbine, a pneumatic or hydraulic system can be used. 


Coil-Turns Analyser 


The Model-165 coil-turns analyser introduced by 
Wabash Magnetics, Inc., of Wabash, Indiana, has been 
designed for the accurate checking of the number of 
turns on a wide variety of coils by comparing an internal 
universal standard against the coil under test and rapidly 
providing information on errors in coil turns to within 


111 





Mobil D.T.E. Oils 
stand head and 
shoulders above all 
ordinary oils. They 
give balanced protection 
and performance that 
no oil on the market 
today can equal. 


Mobil D.T.E. Oils give 
you the following 
advantages: 


LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 





~~. 
aes 
P, 


i 


Pine 


AS 


Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 
production 


ad 





ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 


Our representative will give you 
the facts the facts about the 
performance of Mobil D.T.E. Oils 
in comparison tests with other 
well-known hydraulic and 
circulating oils. Ask the man 
from Mobil to call and explain 
how Mobil D.T.E. Oils can 
reduce maintenance costs 

and increase production 





ECONOMY, SERVICE 





THE ENGINEERS’ DIGEST 





0-1°¢. For production applications, a built-in high/low 
limit circuit provides rapid indications within preset 
limits. In-line digital read-out is obtained on a tabulator- 
type push-button board, with a maximum possible 
reading of 99,999 turns, a light-beam galvanometer being 
installed as a further aid to data reading and facilitating 
the most accurate indications. 

The universal master coil is fitted with taps, permitting 
the selection of any number of turns up to the full 
winding of 99,999 turns. This coil is so designed that it 
can be removed for calibration by the user against a 
standard 1000-turn coil supplied with the equipment. 
The tabulator-type push-button switches are arranged 
in five vertical rows of ten stations each, forming a decade 
system for switching any combination of the master coil 
from 0 to 99,999 turns. For setting up predetermined 
limits for production testing, two five-station in-lead 
read-out thumb-wheel rotary switches are supplied. The 
coils to be tested are slipped over one of a pair of 
“energizing rods’, made of a high-purity, specially 
treated magnetic material. These rods, close-wound 
with wire through which a direct current passes, are 
about 40 in. in length and are mounted through the top 
panel of the console in a vertical position parallel to one 
another and spaced 6 in. apart. For maximum accuracy, 
these rods extend approximately 18 in. above the top of 
the console, but are adjustable in height, depending on 
the accuracy required and the type of coil being checked. 
Two sets of rods are supplied, the first of these being 
suitable for use with any air-core coil having a minimum 
inside diameter of 4} in., a maximum outside diameter 
of 8 in., and a maximum length of 7 in., though larger 
coils can be checked with slightly reduced accuracy. The 
second set of interchangeable rods is designed for coils 
with a minimum diameter of jj, in. If required, even 
smaller rods down to 0-090 in. can be supplied on special 
order, but it is emphasised that these very small rods are 
extremely fragile and should be used only when absolutely 
necessary. It should be noted that the number of turns 
indicated on this instrument is independent of the wire 
size of the coil or of its configuration, inductance, or 
other variables. 


Heavy-Duty Adhesive Pipe-Wrapping 
Tape 

A new heavy-duty pipe-wrapping tape, designated 
“Polythene Pipe Wrap”, has been developed by Paynes 
Jiffytape Ltd., of London, W.C.1, and consists of a 
high-impact black polythene film of 0-01 in. thickness, 
coated with a tenacious adhesive specially formulated to 
resist rust and to prevent corrosion in iron, steel, and 
other metallic pipes, both above and below ground. The 
film is highly resistant to the flow of electrical currents 
and eliminates corrosion caused by the passage of stray 
galvanic currents at the junctions of dissimilar metals and 
soils. It is also resistant to microbiological attack, to 
fungi, and to chemicals in corrosive soils. Furthermore, 
it is unaffected by weathering, does not crack, craze, or 
fade, and is resistant to attack by corrosive atmospheres. 

The base material is moisture-resistant and is flexible 
over a wide range of temperatures, so that, even in mid- 
winter, it is easy to handle, as distinct from other 
materials used for the same purpose, which are some- 
times impossible to apply under similar conditions. The 
non-drying, tacky adhesive is bonded to the film by a 
key-coat and, after the tape has been spirally wrapped 
around any clean metal pipe, it fills in the hollows 
1961 
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and forms a strong, continuous bond along the pipe, 
tightly sealing the overlaps and preventing the ingress of 
moisture and corrosive substances. Incorporated into 
the adhesive are special corrosion inhibitors, while the 
thickness of the coating (00035 in.) is such that it 
actually flows into the voids caused by the overlapping 
of the tape and obviates the possibility of corrosion from 
entrapped moisture and chemically active agents. 


Chain-Grate Stoker for Low-Grade 
Slack Coal 


The Type TT chain-grate stoker recently introduced 
by Riley (IC) Products Ltd., of London, W.C.1, has been 
developed to burn small low-grade slack coal and is 
suitable for installation in sectional boilers, rated at 
1,000,000 BTU/hr or more, of the type used in central 
heating. The complete unit is mounted on a frame 
fitted with wheels, so that it can readily be moved into and 
attached to the boiler. 


Interlocked grate links of heat-resistant cast iron form 
an endless belt and provide uniform air distribution 
across the full width of the grate, which is driven from a 
front driving shaft carrying sprockets engaging in slots 
formed on the underside of the links. At the rear end, 
the grate rides over a plain idler cylinder rotating on a 
stationary shaft. The driving mechanism comprises an 
4-hp gear-motor unit driving another gear train and 
incorporates a spring-loaded dog-clutch operating on a 
splined shaft to afford mechanical protection of the 
gearing and motor. Provision is made for tensioning 
the grate. The mild-steel frame of the stoker is shaped 
to give a grate catenary, with a closing plate at the 
bottom and a dead-plate at the top. The remainder of 
the effective length of the stoker is open for air passage 
and is divided into three unequal zones with a specially 
designed pressure drop to ensure a gradual reduction in 
air pressure from front to rear, thereby maintaining air 
escape to the combustion chamber at a minimum. 
Forced draught is supplied to both sides of the stoker by 
a fan positioned below the machine. 

Automatic modulating control of stoker feed and 
forced-draught volume is effected by mechanically 
coupling a timer unit to a Honeywell “*Modutrol”’ motor, 
which is in turn coupled to the forced-draught damper. 
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A control thermostat transmits impulses to the ‘‘Modu- 
trol” motor, which accordingly adjusts grate speed and 
forced-draught speed. A limit thermostat is fitted as a 
precautionary measure and, when required, stops the fan 
and the stoker motor only after the machine is at its 
minimum setting, eliminating the possibility of burn-back 
into the hopper. When the control thermostat takes 
over again, the firebed returns to normal within one 
minute. A kindling control can be incorporated for 
night operation, if desired. 


Compact Mechanical Seals for 
High-Speed Shafts 


Specially designed for high-speed shaft-sealing 
applications where axial space is restricted, the new 
Type-DD mechanical seal developed by Flexibox Ltd., of 
Trafford Park, Manchester 17, can cope with peripheral 
speeds up to 15,000 fpm, pressures up to 1000 psi, and 
temperatures up to 500 F. Typical applications include 
its use in aircraft fuel-pumps, hydraulic pumps and 
motors, fluid transfer mechanisms, gearboxes, gas- 
turbine main-shaft bearings, and rocket engines using 
liquid fuels and oxidants. 














The new seal is a face-type balanced seal of multi- 
spring design, consisting essentially of a housing (5) with 
a cap (3), carrying a resiliently mounted stationary 
rubbing-face assembly comprising a seal-ring body (4), 
an insert (2), and a resilient packing (6). Face loading is 
provided by a number of small springs (1) arranged 
around the flange of the stationary seal-ring body (4), 
ensuring close control and uniform application of the 
face contact pressure. All components are replaceable, 
and worn parts can either be replaced completely or 
reconditioned without destroying the whole seal. In 
addition, the overall length can be specified to close 
tolerances. The complete seal unit is designed as a press 
fit in its housing, and the smooth profile of the outside 
diameter and rubbing face ensures accurate leak-free 
fitting, with no possibility of the entry of dirt into the seal 
and consequent impairment of its efficiency. 

The standard range of sizes of these seals covers shaft 
diameters from } to 8 in., but larger diameters can also 
SULT. 
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be produced, if required. Three variants of the basic 
design are available, i.e., fitted with O-rings, chevron- 
packed, and reverse-balanced respectively. In addition, 
each basic type is available in two ranges of axial 
tolerance and three face loadings, permitting a very wide 
range of applications to be handled successfully. 


Projector for Optical Gauging 
and Angular Measurement 


The new “‘Shadomaster True-Gauge” Model BC-1512 
projector announced by Watson, Manasty & Co., Ltd., 
of Teddington, Middlesex, is basically intended for 
diascopic and/or episcopic repetition optical-gauging 
and angular-measurement applications and, by virtue of 
its extremely rigid construction, has been specially 
designed to cope with constant usage and possible rough 
handling. 

The new projector has a screen size of 15 12 in. 
and a large working area of 173 162, making it possible 
to mount large gauging blocks and fixtures. A special 
chart-rest has provision for rigid location of glass overlap 
charts of varying sizes and is provided with coarse and 
fine adjustments in both planes. An important feature 
of the new projector is that it has been brought into line 
with other projectors manufactured by the company, so 
that a wide range of accessories is interchangeable, 
making it possible to use different models of “Shado- 
master” projectors without the need to purchase a 
separate range of accessories for each instrument 


Four double-pole switches are fitted, the first being a 
master-switch in the mains circuit with a red warning 
light, while the remaining switches in the secondary 
circuit respectively control the profile lamphouse and 


two surface-illumination lamphouses. The projector, 
which can provide a range of magnifications from 10 
to x 100, is fitted with a specially designed high-intensity 
lamp with a prefocus type of cap, so that, except in certain 
rare instances, a replacement lamp can be installed 
without recourse to the normal procedure of setting and 
adjustment. Also, the shape of the filament, which has 
been specially designed for profile work, provides a 
degree of efficiency and screen intensity hitherto unknown 
in such lamps. 
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What every 
hot water pipe 


should know! 


Fibreglass Rigid Sections insulate pipes opera- 
ting at up to 450° F. They are light, easy to cut 
and easy to fix. Once installed they never need 
replacing: they are chemically resistant, un- 
affected by vermin, and they will not rot. 


Fibreglass Rigid Sections are readily available 
—in quantity. The price is competitive. 


There are three standard finishes : Canvas, scrim 
cloth or plain, in all cases with or without metal 
bands. 


For thermal insulation beyond 450° F.. and up to 
1,100’ F., Fibreglass provide other specialised 
products. Write for full details. 


Rigid Sections 


FIBREGLASS LIMITED. ST. HELENS, LANCS. TEL: ST. HELENS 4022 
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Movement of pipe work under modern high-pressure and 
high-temperature conditions is absorbed efficiently by 
TEDDINGTON BELLOWS EXPANSION JOINTS. 
Teddington Bellows are of highest quality stainless 

steel, flawlessly butt-welded to ensure perfect 

uniformity of wall for maximum durability. 

Normal production ranges from | inch to 7 feet diameter and 
larger sizes can be made. Your expansion problem can be 
solved by our experienced engineers who are always available 


for consultation and recommendation. 


TEDDINGTON AIRCRAFT CONTROLS LIMITED 


BELLOWS DIVISION: TEILO WORKS - PONTARDULAIS - SWANSEA ° Phone: Pontardulais 591 
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7o Petroleum, Oi! and 
Chemical Plant Engineers 


The furnace cost 


that matters is 
FINAL cost 


When Specifying Furnaces 
- Watch these points: 


METAL TEMPERATURE 

Maximum metal temperatures are lower in Petrochem than 
in any other furnace, for an equal average radiant rate, 
because of the patented cone. 

RISK OF EXPENSIVE RE-BRICKING 

Petrochem walls are self-supporting. No intermediate 
supports create expansion problems. Only the finest refrac- 
tories are used. 

COMBUSTION SPACE DESIGN 

Petrochem burner layouts give symmetrical flame patterns 
that will not impinge on vital parts. 

FLUID VELOCITIES 

In Petrochem Furnaces correct fluid velocities and distribu- 
tion are maintained—essential to avoid overheating of the 
fluid film 

FURNACE DESIGN IN RELATION TO PLANT 
Petrochem Furnaces are designed to fit in with individual plan 
layouts. Problems of piping connections and the thrust 
imposed on them can seriously affect overall plant cost. 
TYPE FOR THE JOB 

Petrochem Furnaces are made in types for any service, 
capacity or duty. . . or designed for special requirements. 
THERMAL PERFORMANCE IS ALWAYS GUAR. 
ANTEED. 


to be SURE ... specify 


PETROCHEM-ISOFLOW FURNACES 
. designed with the experience of over 2,500 successful 
installations. 


Engineered and ee by BIRWELCO Ltd., in Great Britain and other parts of the world, under licence 
from the Petrochem Division of Yuba Consolidated Industries Inc., U.S.A 


BIRWELCO CHESTER STREET, ASTON, BIRMINGHAM, 6 
LTD. Tel.: EASt 1171 (5 lines) Telegrams Birwelco, B’ham 
London Office: GKN House, 22 Kingsway, W.C.2. Telephone: CHAncery 1616 


Telex Nos.: Birmingham 33/345, London 24/278, BIRWELCO 


Overseas Associates: AUSTRALIA: John Lysaght (Australia) Pty Ltd., P.O. Newcastle 2N. N.S.W. Australia. \ ((@ Kq) Ny 
GERMANY: Petrochem G.m.b.h., Diisseldorf, Tiergartenstrasse 45 Cir 5 tou” 


(nee 
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The mechanical shaft seals which are mounted on the 
impeller shafts of the steam raising units, at the new 
Nuclear Generating Station being built at Hunterston 
by The General Electric Co. Ltd. for the South of 
Scotland Electricity Board are CRANE MK65. 
They will seal against the leakage of hot CO, gas 


(400°F.) as it leaves the steam raising units, and is 
















circulated back to the reactor. 


We are indebted to the Board and to The General 





Electric Co. Ltd. for permission to publish these 
photographs, which were taken by The General Electric 


Company in its Works at Erith, and on the site. 















Top Left: Two of the steam raising units 
are shown here already in position against 
the background of the general construction 
work in progress. 


Right: The complete impeller shaft assem- 
bly is shown alongside the domed end 
impeller casing in which it will be installed. 
Below right: This shows the splined end of 
the shaft upon which the gas impeller is 
mounted, projecting from the rotating seal 
face of the CRANE MK 65 mechanical 
shaft seal unit. 





Bee 
Crane 
Packing 


ISSUED BY THE MECHANICAL SEALS DIVISION OF OF SLOUGH 
ENGLAND 


omrany 
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THINGS 
ARE BETTER 


PUT ON 
EVERTAUT 











——- 


<6 8 wOnns EQuetenrt® 





This new Catalogue gives you fact-packed informa- 
tionon Evertaut Shetving and Works Equipment... 
a range that meets your every requirement, saves 
space, time and money. Write today for a copy to 
keep in your files. 


POST COUPON FOR CATALOGUE 
WALSALL ROAD, PERRY BARR, 
To EVERTAUT LTD., BIRMINGHAM, 22b. > 


Please send me the Evertaut Stee! Shelving & Works Equipment Catalogue 





NAME 


ADDRESS 





























COMPRESSORS 


are compact, fully balanced 
and vibration-free 


Combining the known advantages of 
the horizontally opposed design with 
Alley’s long experience of high-class 
compressor manufacture, the Alley 
balanced opposed unit is an attractive 
proposition wherever compressed air 
is required. 

It is completely self-contained and to- 
tally enclosed; intercooler, oilcooler 
and motor are compactly built on. 
Being vibration-free it can be installed 
on minimum foundation, simply bolted 
down and is then ready to run. 


SINGLE & TWO STAGE MACHINES 
OUTPUTS TO 12,000 C.F.M. 


A corresponding range of VACUUM PUMPS 
DISPLACEMENTS TO 15,000 C.F.M. 


ALLEY COMPRESSORS LTD. 


149 NEWLANDS ROAD, GLASGOW, S.4 
Phone: MERylee 7141 Grams: ‘‘Giweir Glasgow Telex’’ 


A member of the | weir | Group of Companies 
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STANDARD V-BELTS 


A ‘five feature’ V-Beit 
specially constructed for 
reliable industrial use. 


F/HP B-BELTS 


For light capacity drives ee 


normally using only one belt. 


STEEL CABLE V-BELTS 


For slow speeds and fixed 
centre drives. 


‘PREMIUM’ V-BELTS 
Use these on standard pulleys 
for increased horsepowers, 
heat and oil resistance. 


‘SPACESAVER’ 
WEDGE BELTS 
The latest word in 
belt drives—Send 
for catalogue 135/20. 


Ss. Syacc: 
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INTO A SECOND CENTURY 
OF PROGRESS 


LEADERSHIP 


FACTORIES OVERSEAS IN 
AUSTRALIA, INDIA & SOUTH AFRICA 
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ARE 
YOU 
TAKING 
FULL 


ADVANTAGE 
OF 


FENNER 













V-BELT 
EXPERIENCE 
DEVELOPMENT 
AND 

SERVICE ? 










We have a range of V-Belts covering 
all requirements, orthodox or special, 
increased capacity enables us to 
extend the benefits of Fenner V-Belts 
to new users. For your convenience, 
stocks are carried at every Fenner 
Branch. There are nineteen of them 
—see below for your nearest. 


enner 


J. H. FENNER & CO. LTD. HULL 


LARGEST MAKERS OF V-BELT 
DRIVES IN THE COMMONWEALTH 


Stocks carried for your service in: 
Belfast . Birmingham - Bradford 
Bristol - Burnley - Cardiff . Glasgow 
Hull . Leeds - Leicester - Liverpool 
London - Luton - Manchester 
Middlesbrough - Newcastle 
Nottingham - Sheffield . Stoke 
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The quality and accuracy of measurements obtained with 
our mass flowmeters are due to the fact that the reading 
is given directly in terms of weight, the counter 
being adjusted BEFORE measurements are carried out. 
No corrections are needed for measurements expressed 
in terms of volume. This is why our equipment is meeting 
with increasing favour in an extremely wide range of 
industries. 


DAIRY INDUSTRY 

Where the measurement of milk by weight is extremely 
important, because milk does not have the same density 
day and night, owing to changes in ambient temperature. 
OIL AND GAS 

Our flowmeters are used in pipelines as well as in 
metering installations in refineries. They control the 





NO FLOW MEASUREMENTS WITHOUT F.H. FLOWMETERS | 


regulation of heating furnaces in glass, cement, and steel | 
works, etc. 


CHEMICAL INDUSTRY | 

In this industry, more than in any other, it is essential | 
to be able to adjust measurements immediately to the 
densities or the viscosities of the products to be metered. 

Adjustment of the meter is effected at the time of cali- 
bration, in accordance with the density and viscosity of 
the liquid concerned. This explains why the accuracy 
claimed (1%) is truly achieved. 

As an example, the results obtained with one of our 
Aviation Series RAD 64 automatic flowmeters are given 
in the graph, which is based on measurements by weight 
for three different densities. In no case does the error 
exceed 1%. 





JFH AUTOMATIC MASS 














Solid line :- Average specific gravity 





OUTPUT, gpm 


0°716 
Dotted line :- Average specific gravity = 0°765 
Chain-dotted line :- Average specific gravity = 0°816 


Etablissements FAURE-HERMAN 


68 rue de l’Est — BOULOGNE-sur-SEINE FRANCE 


FLOWMETER 


Determination of densities 





This accuracy can be obtained 
manually or automatically for 
measurements of any fluids 
you may be using in your 
industry. Consult us: 


MOLitor 17-37 








lmelit-te 
3 (-1-1 ad fale f- 


heme ot telolols mr lale! 
alloy steels 


JOHN BAKER & BESSEMER LTD 


REGISTERED OFFICE: KILNHURST STEELWORKS 
GPO BOX No.3 ROTHERHAM YORKSHIRE 
Tel: Mexborough 2154/7 & 3793 Grams ‘Tyres’ Mexborough 
London Office LOCOMOTIVE HOUSE BUCKINGHAM GATE sw! 
Tel: Victoria 5278/9 
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PLAIN RECTANGULAR AND SPECIAL 


B 


SECTIONS FROM 96 OUTSIDE DIA , 
TO 104° INSIDE DIA 


Leaflet giving full details 
of manufacturing capacity 
available on request 


P5902 
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FOR THE 
BEST 


You don’t get ought for nowt—and in the plastic moulding business 
AEI Plastics don’t pretend to be cheap. If it’s large quantities of mouldings where 
dimensional stability and appearance do not matter, then AEI Plastics are not 
for you. But if you must have precision mouldings or a really high-class finish; 
if your product is worth the expense of limitless patience and experience— 
then call in AEI Plastics. We’ll break the back of the job or break 
our own in the process, but it won’t be cheap. Come to think 
of it, though, for what we do, it won't be expensive either. 


ALDRIDGE, Redhouse Industrial Estate, Staffordshire 
Tel: ALDridge 52031 
LONDON S.W.1, 33 Grosvenor Place. Tel: BELgravia 1234 
MANCHESTER 13, 92 Oxford Road. Tel: ARDwick 4118 
SCOTTISH AGENT: R. Hudson, 125 West Regent Street, 


Glasgow, C.2 Tel: Central 2647 





TA/S/103/5379 
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“Regalox”’ is precision made (in large or 
small quantities designed to meet your specific 
requirements). 
“Regalox”’ is used for a wide variety of 
F Electrical, Mechanical, Chemical and Engin- 
. » » because it is eering applications and because of {ts unique 
f highly resistant to both characteristics successfully and efficiently 
A mechanical and thermal shock . . . performs many jobs no other material can 
accomplish. 

<x “*Regalox’’ will serve you better than any other 
. « « because it is an excelle material if you have a need for a non-metallic 
electrical insulator , material that must be hard, strong and smooth, 
and non-magnetic... «| requiring exceptional resistance to extreme 
.. » because It has a ” temperatures, corrosion and abrasion, yet 
low co-efficient of friction... } capable of being produced economically to 

2 close tolerances. 


> of its extreme hardness 
and resistance to abrasion... } 


“Regalox” Technical Development Advisory 

Service is freely available for advice on how 

Regalox can be applied to your product or 

production and maintenance problems. A rapid 

ro ’ service is provided from the range of standard 
the action of most chemicals a.” stocks (normal as fired-finish or diamond- 
and corrosive atmospheres. | ground or polished) and quotations are given, 

: x So - »*@ without obligation. 


Please write for further details to: 


ROYAL WORCESTER INDUSTRIAL CERAMICS LTD. 
DEPT.R.7 TONYREFAIL, GLAMORGAN, OR TELEPHONE TON YREFAIL 435/436 
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LONG 

LIFE 
ECONOMICAL 
MORE 
EFFECTIVE 
SAWING 


The NEWBOULD segmental saw 


The scientific tooth design of the NEWBOULD segmental 
saw enables ferrous and non-ferrous metals to be cut at 
maximum feeds and speeds. Alternate roughing and 
finishing teeth produce free-curling, easily-cleared chips, 
reducing friction, minimising power wastage. 

Made in sizes from ||" to 60” diameter with tooth 
segments of SABEN EXTRA high speed steel for maximum 


life between re-grinds. 
Details on application. 


SANDERSON BROTHERS AND NEWBOULD LIMITED 
Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9. 
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You can now choose Air Power Equipment from 
the combined ranges of Bellows and Valvair. 
Most comprehensive choice there is! Fast, 
flexible, safe Bellows-Valvair Equipment 
is production-proved on a multitude of jobs. 


Write for combined range booklets. 


HI - SPEED 
INLINES 





BELLOWS - VALVAIR LIMITED 


TabeStacord Rong, MalGreen.tirminamam-2® CONTROLLED AIR POWER EQUIPMENT 








AABACAS : 


designed and built * 
this 25-ton crane to | 
meet unusual needs — 
and conditions at 


DAVID BROWN 
INDUSTRIES LTD 


Aabacas engineers offer you 


Compactly designed 
to fine limits, with 
minimum side hook 
more than forty-eight years’ “2 approaches and max- 


a imum headroom, it 
‘know-how’ in solving handling was tested to 31 tons 


problems. ae S.W.L. 


The auxiliary hoist 
for smaller compon- 


Depend on AABACAS to rise to the occasion J ents has the very 


Please contact: Sales Dept., AABACAS ENGINEERING CO. LTD. fast speed of 40 fr. 
Head Office and Works: GRANGE RD., BIRKENHEAD Telephone: Birkenhead 6673 per minute. 











A/2 
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cROW|HORN 





HEAVY DUTY LATHES 








CROWTHORN ENGINEERING COMPANY LIMITED 
Makers of High Cla Machine Tools for over half a century 
REDDISH . STOCKPORT ENGLAND 
Phone: STOCKPORT 7271-2-3 Grams: CROWTOOL, REDDISH 


CL 101 
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Solution: Ventilation 

















LEYLAND MOTORS LIMITED 
Place: | tryLAND LANCASHIRE 


"TTT" The Architects, Messrs. Harry S. Fairhurst & Son 
F/A.R.1.B.A. who designed this factory for Leyland 
Motors Ltd. installed Colt Ventilators throughout 


for three reasons: 
1. They had confidence in Colt Ventilation from past 


experience. 
2. They liked the low silhouette which would not 
impair the appearance of the building. 
3. The installation weighed 72 tons LESS than any 
other ventilation equipment available, thereby 
showing considerable saving in structural costs. 
In providing a permanent solution to this ventila- 
tion problem Colt have added yet another chapter 
to their record of success—success which has 
brought repeat orders from many world-famous 
concerns. Send for a free Data Manual to Dept. 





COLT VENTILATION LIMITED SURREY TELEPHONE: ELMBRIDGE 0161 
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‘*Easicut ’’ high speed steel Drills and Taps 
offer the ideal combination of accuracy, 


high cutting speeds and reliable performance. 














ENGLISH STEEL TOOL CORPORATION LTD 
North Street Works, Openshaw, Manchester 


A wholly owned subsidiary of English Steet Corporation Lid Sheffield 


Stocks also held at : 167 Dukes Road, Acton, London, W.3.; 62-64 Scotswood 
Road, Newcastle ; 2181 Coventry Road, Sheldon, Birmingham 26; Holme 
Lane Works, Sheffield. 
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| GOES GEAR PUMPING! 


Recognising the marked trend to- 
wards integrated unit construction for 


compact ‘“‘packaged’’ equipment, Mono 





Pumps Limited has been experimenting 
for the past five years, with various 
pumping principles allied to the Mono 
Pump, to develop the Company's serv- 


HIGH CARBON 


STEEL WIRE 
ice to Industry. 


A fundamental principle has now 
been chosen as offering the greatest 


MILD 
STEEL WIRE 


scope for adaptation to project plan- 
ning of this type. Marketed as the 
Menrow Pump, its capacity is high in 
relation to its size. A 100 g.p.h. pump 
can be as small as 4 inches by 3inches © 
diameter. It will operate efficiently at © = / BRIGHT 
any angle of mounting. The type of 7) STEEL BARS 
mounting can be specially designed to 
meet any bulk requirement. The flow 
can be reversible, in one direction with 
fixed rotation, or in one direction irre- 
spective of pump rotation. 


Thoroughly field tested, it is al- 
ready in use in various forms on oil 


burners, steam generators, diese] en- 
gines, machine tools, refrigerating 


machinery and as a 24-volt battery- 


operated unit on oil tanker vehicles ’ a (. | ny EER j N 
@ WANDLES WON-ABRASIVE FLUIDS 
@ POSITIVE ACTING 
@ SUCTION LIFT 25 FEET 


© CHPEERY GHEE 85 God. TO 9000 god. Bright drawn or centreless ground in Mild Steel, 


OCS © 0 G0 Ga pat Commercial or Free-cutting quality and to a wide 


@ MOUNTING TO ANY SPECIAL ! ‘ 3 ‘ ae as 
REQUIREMENTS range of E.N. and other specifications. 


HEXAGONAL rT 


Mw 105 





Manufactured ond Marketed ROUND SQUARE 


by 
MONO PUMPS LIMITED z { 
Mono House, Sekforde St. | 


wanton ESI | SPENCER WIRE - WAKEFIELD 


measonses | Telephone WAKEFIELD 6111 


DaW 761 ED 
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EMPYRIUM 
) — nea 


ry ra Ly. 


UP TO 100 tons 


What Empyrium Offers You : 
Pressure Vessels. Columns 
Heat Exchangers Greatly increased and ever-growing capacity for precision fabricating by the most advanced 
Press Frames. Transformer methods, including the automatic submerged arc-welding process. 
and Switchgear Tanks. 
Gas Works Plant. Mixers 
jaa Full facilities for stress-relieving, galvanising, hydraulic and mechanical testing, X-ray and 
Bed Plates. Blast Mains other non-destructive tests. 
Evaporators. Separators The services of creative engineers and skilled designers, who will quickly solve any problem and 
Vacuum Vessels. Driers submit specifications to suit your specialised needs. 


Air Receivers. Condensers Fabrications to all specifications, including Lloyd’s Register of Shipping, A.S.M.E. Code, 
Storage Tanks. Autoclaves - 


and British Standard Specification No. 1500; to all Insurance Company Regulations; and to the 
Crystallizers. Calandrias . r ‘ ak sa 2 : . P 
exacting requirements of the Petroleum and Oil Companies, and leading Consulting Engineers. 


Welded Fabrication in any size and weight up to 100 tons from our new fabricating and machine 
shops now in full production. 


The illustration shows an artist’s impression of our New Premises, the manufacturing part of which 
is now in full production. 


For further information write to 


EMPYRIUM WELDING & MANUFACTURING CO LTD 


Registered Office: Pritchett Street, Birmingham 6, England 
Telephone: ASTon Cross 3203 /4/5 Telegrams: EMPYRWELD B’HAM. 


Works: Moorson Street, and Pritchett Street, Birmingham 6. Old Walsall Road, Great Barr, Birmingham 22 


PIONEERS IN WELDING PRACTICE SINCE 1917 
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NITRI p yy 


STEEL 


The Nitriding Process for 
Case-hardening Special Steels 
Nitrogen Offers 


Surface hardness up to 
1100 D.P.H. 


Retention of full hardness 
after heating to 500°C. 


Maximum resistance to 


oo TURQUOISE 
fatigue. 

Improved resistance to PE* CILS 
corrosion by water and 


steam. 


Particulars from: Set d new 


NITRALLOY LIMITED ATLAS WORKS 


SHEFFIELD, 4. standard 


Telephone : Sheffield 26646. Telegroms: ‘‘Nitralloy, Sheffield” 


Tempilstiks’ lead 


EGD.TRADE MARK 


that tell temperatures The greatly increased lead strength of 


PREHEATING - STRESS RELIEVING - ANNEALING New Turquoise sets a new standard for 
NORMALISING - HARDENING - TEMPERING oe i i 5 ence 
FORGING - CASTING - HARDFACING - FLAME. drawing pencils. New Turquoise pencils 
CUTTING - TYRE RETREADING - PLASTIC hold a fine needle-point without snap- 
MOULDING - SHELL MOULDING - INDUCTION < 
HEATING - PLASTIC POSTFORMING - HEAT- ping; save time by eliminating frequent 
TREATING | A . 

pe ee, re-sharpening— and money, too, through 
fewer replacements! And this extra lead 


strength means perfect ‘originals’ and 

tf Gud cleaner, sharper reproductions every 

sump time. Crisper, clearer lines, preciser 

@ Select the Tempilstik” for the working shadings—every detail exactly right with 
temperature you want. no omissions, ghost lines or fade-outs. 

@ Mark your workpiece with it. 


@ When the Tempilstik®” mark melts, 
specified temperature has been reached. 10D. EACH. 9/2D. PER DOZEN 








tin GRADING : 17 precise grades from 9H to 6B 





, “ TRY TURQUOISE DRAWING LEADS 
For illustrated brochure write to: 


J. M. STEEL & CO. LTD., AVAILABLE FROM 28 TO 6H 


36-38 KINGSWAY, LONDON, W.C.2. 
Tel: HOLborn 2532/5 


Also at: Manchester - Birmingham - Glasgow EAGLE PENCIL CO - ASHLEY ROAD - TOTTENHAM N.17 
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PRINGS THE WORLD HAS LEARNED TO TRUST 


Salter Springs will give you continuous, 
trouble-free performance. Their reliability is 
founded on craftsmanship and quality control 
backed by 200 years of experience 


Cheaper springs could fail, causing costly 
breakdowns in your production and loss of 
income to your company. 


Salter will devise, advise and experiment in order 
to produce the perfect spring for the job, whateve 
the problem, the purpose, the size or the shape 


Salter springs are tested and retested to the 
highest possible standards of accuracy and 
endurance — you can stake your reputation on 
Salter reliability 








CENTURIES EXPERIENCE WITH 














GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. Established 1760 
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..- INVOLVING 
AIR CONTROL EQUIPMENT ? 


In most applications of compressed air 
equipment problems and queries arise 
regarding the selection, operation and 
application of the various items com- 
prising the installation. This is where 
the Midland Pneumatic Technical 
Service can prove so helpful. The 
‘ services of our technical engineers, who 
have specialised in the design and use 
of compressed air equipment for many 
years, are available to all customers. If 
required diagramatic layout drawings 
will be prepared. Remember Midland 
Pneumatic make a complete range of 
pneumatic cylinders, valves and air line 
fittings. Literature on request. 
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“ ° 
Ps LS _ 2 PNEUMATIC LTD 
fi : NEW CROSS: WOLVERHAMPTON 
. . J a 
: Oe . ; FOR THE BEST IN 
WEL GIAO: AIR CONTROL EQUIPMENT 
ex . we w% ~ ‘f Telephone : 32501/2 








serrated heavy duty 


ming cutters 





HiFEED serrated heavy duty cutters are designed to provide a combination of high rate of stock 
removal and good surface finish. 


BRAYSHAW Some of the advantages to be obtained are: 
SINGLE POINT CUTTING EFFICIENCY. 


REDUCED LOAD AND VIBRATION on machine and work. 


TOOLS LTD INCREASED PRODUCTION, particularly on work hardening and high tensile 
» materials. 
EFFICIENT HEAT DISSIPATION resulting from the break up of the cutting edges 
BELLE VUE WORKS, enables HIGHER FEEDS AND SPEEDS to be employed. 
MANCHESTER 12. Primarily designed for heavy stock removal HiFEED cutters produce a surface finish acceptable for 
Telephone: EASt 1046 (3 lines) most applications. An alternative design, offering similar advantages plus superior surface finish 


when required is also available. 
HiFEED cutters INCREASE production REDUCE costs. 
Send to-day for your copy of leaflet No. $.T.603. 


Grams: Hardening M/c 
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Performance plus for 
armatures with Torrington 
Drawn Cup Roller Bearings 


Armatures of many portable power tools are now equipped 






























Armature-mounted 
Torrington Drawn Cup 
Rolier Bearings 
offer these advantages: 


with Torrington Drawn Cup Roller Bearings, which provide 
high speed operation and long pre-greased life at low cost. 
Offering compactness, light weight, easy installation, 

smooth starting and cool running, the Drawn Cup Roller Bearing High capacity in 
can be economically designed into portable drills, small cross section 
saws, mixers, vacuum cleaners, automotive generators Long pre-greased 


Outstanding efficiency 
at high speeds 


THE TORRINGTON COMPANY LTD 


Bearings Division: TORRINGTON AVENUE, COVENTRY 
LONDON AND EXPORT OFFICE: 7-10 ELDON STREET, EC2 
GLASGOW OFFICE: 50 WELLINGTON STREET, C2 TORRINGTON BEARINGS 


Easy mounting by press fit 


| 
| 
| 
| 
| 
and alternators and many other applications. : service life 
| 
| 
| 
| Low unit cost 
| 
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think of a valve 








SINGLE-WAY “© ‘ CHECK VALVE REDUCING 
VALVE es VALVE 








2-WAY S.D. 
VALVE 


.. any valve for any circuit, using oil or water. 
You'll find it in the Ellison range. No valves are 
made with more precision or give longer life. 
They are supremely easy to maintain and com- 
pletely safe under all conditions. 

Ellison are specialists not only in making the finest 
valves you can buy but also in the design of com- 
plete hydraulic circuits. The range includes 
control valves, check valves (stepped connections 
and in line connections), relief valves, reducing 
valves, roller-operated single way valves, pilot- 
operated check valves and adjustable check 
valves. 

Our Engineers will be glad to give you further 
information and technical advice. 


ELLISON HYDRAULICS 


mee Division of George Ellison Limited 
gua PERRY BARR: BIRMINGHAM 22B 
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HIGH DUTY CASTINGS 
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C. & B. SMITH LTD. 


lronfounders WOLVERHAMPTON 
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HEAT EXCHANGE EQUIPMENT 
DESIGNED TO MEET THE REQUIREMENTS 
AND STANDARDS 

OF THE MODERN ENGINEER 


Serck design and manufacture a wide range of Heat 
Exchange equipment for use in every industry and 
for every type of application. A first class 
Technical Advisory Service supports the products 
of Serck, into which have been embodied the 
extensive research and cumulative practical 


experience of 40 years and more. 


WATERWORKS 
GENERATING PLANT 


The illustration shows 
the Serck Coolers fitted 
to the Crossley-Laurence 
Scott 635 KVA alternator 
sets recently installed in 
the main pumping 
stations at the Southern 
and South Essex 


Waterworks Companies. 


SERCK RADIATORS LIMITED BIRMINGHAM 11 


Telephone: VICtoria 4353 Telegrams: “ Serckrat™ 
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Take no chances about your supplies of Rolled 
Thread Screws—specify ORMOND and so make 
sure of both quality and quantity—delivered 
right on time and straight from our extensive 
stocks. For your individual requirements, we 
will gladly submit special quotations. Send for 


lists, which in addition to detailing Brass, Steel 


and Light Alloy Screws in Rolled and Cut Threads 

R | ( also feature Grub-screws, Nuts, All-threads, 
0 p Hexagon Bolts and Set-screws turned from bar 

and Cold Headed Grades ‘‘A”’, “‘B’’ and High 

thread Tensile. The repetition parts range covers 
single and multi-spindle automatics up to 1}” 


screws "~ 


THE ORMOND ENGINEERING Co. Ltd. ORMOND = 
—~. ‘ 


Ormond House, Rosebery Avenue, London, E.C.1 
Tel: TERminus 2888 Grams: ‘“‘Ormondengi, Cent’’ 








STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 


CYANIDING POTS HIGH SPEED TOOL, DIE 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON, BRASS, GUN METAL also STAINLESS STEEL ROAD 
PHOSPHOR BRONZE, ALUMINIUM ete: LINES, STUDS & SIGNS 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


HM, fehnson Hsies Tid 


Regd. Office and Works: 
BROADFIELD RD., SHEFFIELD 8. 
Telephones: 52431 /4 


Office and Works Entrance: 
AIZLEWOOD RD., SHEFFIELD 8. 
Foundry: Aizlewood Road, Sheffield 
Machine Shops: Broadfield Road, Sheffield 
London Office: Central House, 
Upper Woburn Place, W.C.1. 
(EUSton 4086) 

Glasgow Office: 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 





aie HIGH-PRESSURE 


PIPE COUPLINGS 


ASSAY 


ee Ne 


Keelavite, the recognised poe PIPE COUPLING 
on hydraulic power transmission, 

needed high - pressure pipe couplings 

to meet the high standards required 

for their successful hydraulic 

installations, result The 

KeelaTite and the Keelaring Couplings. 


“Y arrests 


Taw 
Wt 
THE KEELARING 
ig ae 


Each coupling has its special 
characteristics and uses, but 

both are equally successful. 
Designed to provide perfect 
sealing and to withstand vibration. 


THE RECOGNISED AUTHORITY ON 
HYDRAULIC POWER TRANSMISSION 


Ss 2 


For full details of these couplings write to 


KEELAVITE HYDRAULICS LTD, ALLESLEY, COVENTRY 
Telephone: Meriden 441 








